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Ab s tract 

An ozone meter has been developed which operates on the chemiluminescent 

principle. When ozone reacts with certain organic compounds, the reaction 

produces a minute luminescence in the 5800 A region which can be measured 
0 

by means of a sensitive photomultiplier tube and dc amplifier. The 

chemiluminescence principle for ozone measurement, has the advantage 

of being essentially specific for ozone for the expected concentrations 

of other pollutants. This report is, in general, a comprehensive 

engineering description of the design, construction details, calibration 

techniques and operational characteristics of the ozone meter. Tests 

were conducted to determine the effect of C1 In addition, the operation 

and calibration at reduced pressures (specifically 10 psi) was determined. 
2’  
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1.0 INTRODUCTION 

The Research Tr i ang le  I n s t i t u t e  has ,  under Contract  NAS1-9266 

wi th  t h e  NASA Langley Research Center, conducted a program t o  design, 

f a b r i c a t e ,  test and eva lua te  a chemiluminescent ozone meter. 

This r e p o r t  is, i n  gene ra l ,  a comprehensive engineer ing  descr ip-  

t i o n  of t h e  design, cons t ruc t ion  d e t a i l s ,  c a l i b r a t i o n  techniques and 

o p e r a t i o n a l  c h a r a c t e r i s t i c s  of t h e  ozone meter. The e s s e n t i a l  material 

i n  t h e  i n s t r u c t i o n  manual has been expanded, p a r t i c u l a r l y  wi th  r e spec t  

t o  t h e  design, t e s t i n g ,  and o p e r a t i o n a l  c h a r a c t e r i s t i c s .  The test 

d a t a  f o r  t h e  c a l i b r a t i o n  u n i t ,  given i n  Sec t ion  4 . 4 ,  a p p l i e s  t o  a t y p i c a l  

u n i t .  The s p e c i f i c  c a l i b r a t i o n  curves ( i n  p a r t i c u l a r ,  t hose  shown i n  

Figs.  21 and 22) f o r  t h e  i n d i v i d u a l  u n i t  are included i n  t h e  i n s t r u c t i o n  

manual. The abso lu te  va lues  vary  from u n i t  t o  u n i t  but '  t h e  gene ra l  

shape of t h e  curves are q u i t e  similar. 

Because of t h e  p a r t i c u l a r  a p p l i c a t i o n  f o r  t h e  NASA Chemiluminescent 

Ozone Meter, c e r t a i n  a d d i t i o n a l  tests were performed t o  determine i t s  

c h a r a c t e r i s t i c s  under condi t ions  of loQ pres su re  and s e n s i t i v i t y  t o  

ch lo r ine ;  t h e s e  are descr ibed  i n  Sec t ion  2.0. The ope ra t iona l  charac- 

teristics of t h e  ins t rument  are d e t a i l e d  i n  Sec t ion  3.0. A d e t a i l e d  

d e s c r i p t i o n  of t h e  des ign  and test  r e s u l t s  f o r  t h e  va r ious  sub-assemblies 

are presented  i n  Sec t ion  4.0. Various d e t a i l s  concerning p a r t s  l ist ,  

- i n s t a l l a t i o n  and maintenance of t h e  instrument,  c a l i b r a t i o n  procedures, 

and o p e r a t i o n a l  procedures are inc luded  i n  t h e  r e s p e c t i v e  appendices. 



BACKGROUND 

Most of t h e  instruments  cu r ren t ly  i n  use f o r  rou t ine  monitoring 

of trace oxidant  concentrat ions are based on e i t h e r  coulometric o r  co lor i -  

metric techniques.  

by t h e  oxidant  when t h e  gas being sampled passes  over o r  through t h e  

so lu t ion .  The electrical energy requi red  t o  reduce t h i s  l i b e r a t e d  iod ine  

back t o  t h e  iod ide  state i s  a measure of t h e  oxidant  concentrat ion i n  

coulometic instuments.  I n  co lo r ime t r i c  instruments  a r a t i o  co lor imeter  

is used t o  measure t h e  co lo r  of t h e  l i b e r a t e d  iod ine  aga ins t  a reference.  

Because of k i n e t i c  f a c t o r s ,  however, no t  a l l  ox id iz ing  agents  i n  the  gas 

produce s to i ch iomet r i c  amounts of iodine.  

I n  these  methods iod ide  ions  are oxidized t o  iod ine  

Compounds such as n i t rogen  

dioxide do produce an instrument  response. 

oxidizing agents  i n  t h e  atmosphere t o  t h e  " t o t a l  oxidant" meter reading 

is usua l ly  n o t  known. 

The con t r ibu t ion  of o the r  

Reducing agents  i n  t h e  atmosphere, such as s u l f u r  

dioxide have t h e  oppos i te  e f f e c t .  Various types 

paper s t r i p s  s a t u r a t e d  wi th  CrO o r  chromic ac id  

e l imina te  t h e  i n t e r f e r e n c e  from SOp. Experience 

3 

technique is no t  completely s a t i s f a c t o r y .  [I1 

The chemiluminescent technique of Bernanose 

of ' 'scrubbers" such as 

s o l u t i o n  are used t o  

has  shown t h a t  t h e  

and R6n6[21 and 

Regener13] on t h e  o the r  hand is  s p e c i f i c  f o r  ozone. 

i n t e r f e r e n c e s  t o  occur,  extremely high concentrat ions of t h e  usua l  

i n t e r f e r i n g  substances are required.  

advantage of t h e  f a c t  t h a t  c e r t a i n  organic  compounds e m i t  small q u a n t i t i e s  

of l i g h t  when they react wi th  ozone. 

and R6ngf2 

more reproducible  r e s u l t s  than d id  luminol. 

I n  order  f o r  

... 
The p r i n c i p l e  of opera t ion  takes  

Luminol w a s  used f i r s t  by Bernanose 

and Regener . 14] Regener a l s o  found t h a t  Rhodamine-B y ie lded  

2 



The Rhodamine-B is  adsorbed on t h e  s u r f a c e  of s i l i c a - g e l  and 

then  depos i ted  on an aluminum d i s c .  15] 

over  t h e  d i s c  and the emission of l i g h t  i e s u l t i n g  from t h e  r e a c t i o n  w i t h  

Gases t o  be  sampled are passed 

ozone is  measured us ing  a pho tomul t ip l i e r  tube. Various i n t e r f e r e n c e  

tests us ing  compounds normally found i n  a p o l l u t e d  atmosphere, f o r  

example, have i n d i c a t e d  a n e g l i g i b l e  e f f e c t  upon t h e  response character- 

istics of t h e  d i sc .  161 

The Chemiluminescent Ozone Sensors are 2-inch diameter  d i s c s  of 

f i n e l y  d iv ided  s i l i c a - g e l  depos i ted  wi th  a b inde r  on a photographic  f i l m  

suppor t  (Eastman Kodak "Chromagram" s h e e t s ) .  I n  t h e  p re sen t  technique 

of prepa r ing  t h e  senso r s ,  d i s c s  of t h e  Chromagram are dehydrated a t  

110OC f o r  an  hour,  then  immediately dipped f o r  one minute i n  a 10 pe rcen t  

(w/w) s o l u t i o n  of a s i l i c o n e  resin (General Electric Co. type  SR-82). 

The coated d i s c s  are aga in  d r i e d  a t  100°C f o r  18-24 hours ,  then  dipped 

for 1 minute i n  a 0.1 pe rcen t  s o l u t i o n  of Rhodamine-B i n  acetone. 

D i s c s  so  prepared ,  i f  p r o t e c t e d  from extended exposure t o  b r i g h t  l i g h t ,  

are s t a b l e  f o r  several months and need no t  b e  s t o r e d  i n  a dry atmosphere. 

Rhodamine-B d i s c s  prepared as above do no t  e x h i b i t  much sens i -  

They must be  

A common technique is  t o  expose t h e  d i s c  t o  ozone for 

t i v i t y  t o  ozone when f i r s t  p laced  i n  t h e  ozone meter. 

"activated".  

some pe r iod  of t i m e .  The s t eady  s i g n a l  f o r  a cons t an t  ozone concen t r a t ion  

- pass ing  over  t h e  d i s c  is a t t a i n e d  only a f t e r  12-24 hours of "ac t iva t ion" ,  

t h e  t i m e  be ing  s h o r t e r  f o r  h igher  concent ra t ions  of ozone. The rea f t e r ,  

t h e  disc can be  removed from t h e  instrument  f o r  many days, then  rep laced ,  

wi thout  having t o  r e p e a t  t h e  a c t i v a t i o n  process .  

3 



Rhodamine-B d i s c s  as p r e s e n t l y  prepared are s e n s i t i v e  t o  ozone 

concent ra t ions  as low as 1 ppb f o r  an extended per iod  of t i m e .  Some 

d i s c  p repa ra t ions  a l s o  are s l i g h t l y  s e n s i t i v e  t o  humidity. S ince  

Rhodamine-B is  decomposed by ozone, t h e  d i s c s  slowly decrease  i n  s e n s i t i v i t y  

u n t i l  they no longer  y i e l d  enough l i g h t  f o r  t h e  experiment. 

Rhodamine-B d i s c s  sometimes e x h i b i t  long time-response c h a r a c t e r i s t i c s ,  

depending on t h e  method of d i s c  prepara t ion .  For example, several hours 

may e l a p s e  be fo re  t h e  emi t ted  l i g h t  has  decreased t o  an i n s i g n i f i c a n t  

va lue  a f t e r  a p a r t i c u l a r l y  h igh  ozone concent ra t ion  has  been sampled f o r  

a long t i m e .  Also, a f t e r  some a c t i v a t e d  d i s c s  have been exposed t o  c lean  

a i r  f o r  an extended per iod ,  they may r e q u i r e  up t o  an hour t o  achieve  a 

s t eady  s i g n a l  from a cons tan t  ozone source.  

For an instrument  i n  which r a p i d  time-response is no t  important 

and i n  which a s t anda rd  c a l i b r a t i o n  source  can be  r o u t i n e l y  sampled, 

Rhodamine-B d i s c s  as p r e s e n t l y  prepared are s a t i s f a c t o r y .  

4 



2.0 SPECIAL TESTS 

2.1 Sensitivity to Chlorine 

Prior to the start of the program, a test was performed to 

2’ determine the sensitivity of the chemiluminescent sensor to C1 

The chlorine sample was prepared by injecting 50 microliters of 

chlorine cas into an aluminized mylar bag containing 100 liters of 

dry compressed air. The container was allowed to sit for 30 min to allow 

lete mixing. A 10 min sample was then tested by the KI method for 

oxZdants to insure the presence of chlorine gas in the bag. The 

concentration of C1 in the bag was calculated to be “50 pphm. 2 
The test was performed using a standard chemiluminescent test 

set-up with a Rhodamine-B disc and making a comparison test between the 

signal generated by the 50 pphm of C12 and 8 pphm of 03. 

used was 600 cc/min. 

The flow-rate 

The results of these tests indicates that the relative response of 

0 to C1 was approximately 500/1, using the Rhodamine-B disc as the 3 2 
luminescent sensor. 

2.2 System Leak Test 

Since the instrument is to be used to monitor 0 concentrations 3 

f o r  an environment maintained at 10 psi while residing in a standard 

14.7 psi atmosphere it was necessary to perform some leak tests on the 
- 

These were performed by closing the loop, i.e. connecting a 

ballast tank, between the inlet and exhaust ports. The ballast tank was 

ed down prior to insertion in the instrument loop; then the pressure 

5 



w a s  ad jus t ed  t o  10 p s i .  The i n t e r n a l  p re s su re  w a s  then  monitored 

over a 48 hour pe r iod  w i t h  t h e  instrument  ope ra t ing  a t  i t s  normal 

flow rates. The d a t a  recorded f o r  t h i s  test  is  given below: 

Elapsed T i m e  I n t e r n a l  P res su re  

(hours) ( p s i )  

0.0 
3.0 
4.5 
6.0 
6.5 

22.0 
27.0 
28.5 
30.5 
46.0 
47.5 

9.9 
10 .1  
10.25 
10.35 
10.44 

- 11.5 
11.9 
11.95 
12.05 
12.47 
12.55 

The average p res su re  change i n  t h i s  c losed  systems using t h e  2100 

3 i n  ballast tank, w a s  approximately 0.05 p s i / h r .  Other l e a k  tests, 

using j u s t  t h e  c losed  loop plumbing system, excluding t h e  b a l l a s t  tank, 

i n d i c a t e d  a c a l c u l a t e d  leak rate of approximately 1 cc/min under s t a t i c  

condi t ions .  The d a t a  c i t e d  above g ives  only a relative l e a k  down t i m e .  

Because of t h e  many p o s s i b l e  l e a k  po in t s  i n  a system, i t  is  necessary 

t o  test t h e  u n i t  f o r  any given set  of condi t ions  t o  determine t h e  t r u e  

l e a k  rate. 

2.3 Reduced P res su re  E f f e c t  

Tests designed t o  dec r ibe  t h e  p re s su re  dependence of t h e  

- 
inst rument  w e r e  c a r r i e d  ou t .  The c h a r a c t e r i s t i c  behavior  of both 

t h e  c a l i b r a t i o n  u n i t  and t h e  complete instrument  w a s  i n v e s t i g a t e d  

f o r  a range of ope ra t ing  p res su res  between 5 and 14.7 p s i .  

The test set-up f o r  checking t h e  c a l i b r a t i o n  u n i t  a t  reduced 

p res su res  w a s  e s s e n t i a l l y  t h a t  shown i n  Fig.  37 except  t h a t  t h e  i n l e t  

6 



and exhaust  p o r t s  w e r e  connected t h r u  a b a l l a s t  t ank  and appropr i a t e  

va lv ing ,  With t h e  appara tus  as descr ibed ,  t h e  ozone generated i n  

t h e  c a l i b r a t i o n  u n i t ,  a t  va r ious  pre-se t  p re s su res ,  w a s  monitored 

using t h e  Neu t ra l  Buffered-Potassium Iodide  Method descr ibed  i n  

Appendix A. 

evacuat ing t h e  b a l l a s t  t ank  t o  t h e  des i r ed  ope ra t ing  pressure .  

Reduced p res su res  were obta ined  by i n i t i a l l y  

The test r e s u l t s  show t h a t  t h e  concent ra t ion  (V/V) of 0 does 3 

not vary  over  t h e  p re s su re  range of i n t e r e s t .  

level of r a d i a t i o n ,  f i x e d  geometry, and cons tan t  flow rate, t h e  

That is ,  wi th  a given 

concent ra t ion  of 0 is  cons tan t  f o r  changes i n  pressure .  This is 

shown i n  t h e  t a b u l a t i o n  below. 

3 

The v a r i a t i o n  is w i t h i n  t h e  expected 

experimental  e r r o r .  

Pressure  T i m e  Flow Rate 0 
( p s i )  ( m i 4  (Standard cc/min) (PPGd 

14.7 16 100 22 

10.0 

10.0 

12.0 

5.0 

17 

15 

16 

16 

66.6 

67.0 

83.0 

33.0 

21 

21 

20 

19 

8.7 16 59.0 18.7 

The ope ra t ion  of t h e  instrument  was checked a t  reduced p r e s s u r e  - 
i n  a set-up similar t o  t h a t  shown i n  Fig. 24, except ,  aga in ,  t h e  

i n l e t  and exhaust  p o r t s  were connected i n  a c losed  loop t h r u  t h e  b a l l a s t  

tank. Using t h e  e x t e r n a l l y  c a l i b r a t e d  ozone source  (measure s i g n a l )  

7 



and t h e  i n t e r n a l  c a l i b r a t i o n  source  ( c a l i b r a t e  s i g n a l ) .  The d a t a  

obta ined  are t abu la t ed  below. 

P res su re  Meas Flow Rate C a l .  S igna l  Meas. S igna l  
( P s i )  (Standard cc/min) (X Chart) (X Chart) 

14.7 

8.96 

9.94 

10.12 

11.15 

11.75 

12 91 

100 

61 

67.5 

74 

80.5 

87 

94 

85 

59 

63 

66 

72 

74 

82 

90 

64 

66 

69 

76 

80 

88 
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3 . 0  OZONE METER FUNCTIONAL AND OPERATIONAL CHARACTERISTICS 

3 . 1  Theory of Operation 

The p r i n c i p l e  on which t h e  chemiluminescent ozone meter 

opera tes  is as follows: when ozone reacts wi th  c e r t a i n  organic 

compounds, a minute amount of l i g h t  i s  emitted. 

i s  d i r e c t l y  propor t iona l  t o  the  ozone concentration, and the  wavelength 

of t he  emitted l i g h t  i s  a func t ion  of t h e  organic compound o r  dye 

used i n  t h e  formation of t h e  chemiluminescent disc .  

sampled are passed over a d i s c  coated wi th  t h e  dye. 

r e s u l t i n g  from t h e  r e a c t i o n  with ozone i s  de tec ted  by means of a 

s e n s i t i v e  photo-detector. 

The amount of l i g h t  

Gases t o  be  

The emitted l i g h t  

3 . 2  Functional Descr ipt ion 

A func t iona l  diagram of t h e  proposed ozone meter i s  shown i n  

Fig,  1. 

and photo-detector assembly. 

a constant flow rate across  t h e  disc .  

from the  r eac t ion  of ozone with t h e  chemiluminescent material i s  

monitored by t h e  photomul t ip l ie r  tube. 

The b a s i c  element of t h e  system is  the chemiluminescent d i s c  

The gases t o  be sampled are metered a t  

The emitted l i g h t  r e s u l t i n g  

The system has  e s s e n t i a l l y  two modes of operation. During 

t h e  RUN mode gases are pul led  through the test-air 

t h e  d i l u t i o n  flow, and then  passed over t h e  disc .  

mode t h e  sample-gas i n l e t  i s  closed and t h e  c a l i b r a t e  

by means of e l e c t r i c a l l y  ac tua ted  so lenoid  valves.  A i r  which e n t e r s  

t he  c a l i b r a t e  i n l e t  passes through a drying tower which removes contam- 

inan t s ,  p a r t i c u l a r l y  water vapor,and des t roys  any ozone present .  

i n l e t ,  mixed wi th  

During t h e  CALIBRATE 

l i n e  i s  opened 
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A con t ro l l ed  amount of ozone is  generated i n  t h e  "clean air" as it  

passes through the  c a l i b r a t i o n  u n i t  by exposing the a i r  stream t o  an 

u l t r a - v i o l e t  l i g h t  source. 

varying t h e  ozone concentration. A f r o n t  panel c o n t r o l  and meter 

provides f o r  lamp cu r ren t  con t ro l  and monitoring, respec t ive ly .  

A c a l i b r a t e d  a p e r t u r e  c o n t r o l  f a c i l i t a t e s  

The gases are metered a t  a cons tan t  flow rate of 600 ml/min 

through t h e  d i s c  chamber. 

and mixed wi th  t h e  500 ml/min d i l u t i o n  flow. Flow meters and v e r n i e r  

con t ro l  va lves  are loca ted  on t h e  f r o n t  panel of t h e  instrument. The 

timing and c o n t r o l  u n i t  provides t h e  necessary switching vo l t ages  f o r  

ac tua t ing  t h e  var ious  solenoids.  Se lec t ion  of operating modes i s  made 

by means of front-panel push-button switches. 

The i n l e t  gas is  regula ted  a t  100 ml/min 

The l i g h t  emission from t h e  d i s c  is de tec ted  by means of a 

s e n s i t i v e  photomul t ip l ie r  tube. The output of t h e  PM tube i s  amplified 

and presented on a panel meter and a t  a recorder output connector. 

Five linear-decade cu r ren t  ranges and one three-decade logar i thmic  range 

is  provided. I n  add i t ion ,  a X 1 ,  X$, and X$ output a t t enua to r  i s  pro- 

vided f o r  scale adjustment. An AC-integrator o r  time-constant con t ro l  

i s  incorporated i n  t h e  ampl i f i e r  which f a c i l i t a t e s  smoothing of t he  

analog data .  

chamber allows f o r  monitoring of t h e  PM tube dark cu r ren t ,  

f o r  t h e  PM tube i s  provided by a w e l l  regula ted ,  ad jus t ab le  Hv supply. 

A manually operated s h u t t e r  incorporated i n  t h e  d i s c  

High vo l t age  

The output s i g n a l  t o  dark cu r ren t  r a t i o  f o r  a given concentration 

of ozone i s  a d i r e c t  func t ion  of t h e  s e n s i t i v i t y  of t h e  d i s c  and t h e  

quantum e f f i c i e n c y  of t h e  photomul t ip l ie r  tube i n  t h e  s p e c t r a l  region 

of t h e  emitted l i g h t .  Since t h e  dark cu r ren t  and t h e  quantum e f f i c i e n c y  
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vary considerably from tube  t o  tube one may expect a f a c t o r  of 1 0  o r  

more i n  t h i s  r a t i o .  With tube s e l e c t i o n  t h i s  may b e  reduced t o  a 10-20% 

v a r i a t i o n  from u n i t  t o  u n i t ,  

The system design inc ludes  s e l e c t a b l e  modes which i n s e r t  a 

c a l i b r a t e  s igna l ,  f o r  some prese lec ted  length  of t i m e ,  every 6 or 12 

hours and a sampling-cycle mode which c o n s i s t s  of a 1 min-measure, 

1 min-purge, 1 min-calibrate,  and 1 min-purge cycle .  I n  add i t ion ,  

push-button actuated,modes are a v a i l a b l e  f o r  opera t ing  continuously i n  

t h e  RUN o r  CALIBRATE modes; these  f a c i l i t a t e  test  and c a l i b r a t i o n  

procedures,  

opera t iona l  mode of t h e  instrument.  

An EXTERNAL mode i s  provided f o r  remotely con t ro l l i ng  t h e  

3 . 3  Phys ica l  Descr ipt ion 

A f r o n t  panel  view of t h e  ozone meter i l l u s t r a t i n g  t h e  type 

and loca t ion  of a l l  con t ro l s ,  meters, etc.,  is shown i n  Fig. 2 ,  The 

cover f o r  t h e  Hv supply,  which is normally i n  p lace ,  i s  shown removed 

f o r  purposes of i l l u s t r a t i o n ,  

There are two b a s i c  u n i t s ,  t h e  main chass i s  and t h e  HV power 

The main supply. The l a t t e r  i s  loca ted  i n  t h e  bottom of t h e  cabinet .  

chass i s  i s  mounted on chass i s  s l i d e s  and may b e  r e a d i l y  pul led  out  on 

the  chass i s  s l i d e s  f o r  adjustment and t e s t i n g  purposes. A rear view 

of the  instrument is  shown i n  Fig. 3 .  A plan  view of t h e  main chass i s  

i s  given i n  Fig,  4 ,  showing the  relative pos i t ion ing  of t h e  major 

components and assemblies. 

Both t h e  main chass i s  and HV power supply f i t  i n t o  t h e  

s tandard 19" width cabinet .  The o v e r a l l  phys ica l  dimensions of t h e  
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instrument are as follows: 

Height - 18.5 inches,  

Width - 19.75 inches,  

Depth - 23 inches,  

Weight - 133 l b s .  

The u n i t  r equ i r e s  approximately 290 w a t t s  of power from a 

115V, 60 Hz s i n g l e  phase source. A block diagram i l l u s t r a t i n g  t h e  

AC and DC power d i s t r i b u t i o n  i s  given i n  Fig. 5. 

3 . 4  Instrument Spec i f i ca t ions  

SYSTEM : 

Dynamic Range - 1 pphm t o  10 ppm 
Resolution - 0.1  pphm 
Minimum Detectable  Level - 1 pphm 
Prec i s ion  - 2% 
Accuracy - & 10% a t  t i m e  of c a l i b r a t i o n  
S t a b i l i t y  - pr imar i ly  dependent on d i s c  c h a r a c t e r i s t i c s  and sample 

a i r  composition 
Cal ibra t ion  - nominal range 20 - 30 pphm 

Output - f r o n t  pane l  meter 0 - 10 u n i t s  
i n t e r n a l l y  ad jus t ab le  0 - 20 pphm 

recorder  output - 1 v o l t  FS; max r a t e d  output - 5 mA 

AMPLIFIER : 

Output Meter - f u l l  scale va lue  ind ica ted  by SENSITIVITY and FS 

S e n s i t i v i t y  - 
OUTPUT con t ro l  s e t t i n g s  
log  - 10-9 t o  10-6 amps 
l i n e a r  - 10-9 amps, FS 

10-8 1 1  I 1  

10-6 1 1  11 

10-5 1' I 1  

10-7 11 11  

S t a b i l i t y  - l og  - < 0.5% f o r  60 h r s  ( f o r  worst  case condi t ion)  
l i n e a r  - 0.01% per°C; 1% per  month ( f o r  10-9 amp range) 
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3.5 Front Panel Controls and Ind ica to r s  

MODE CONTROLS : 

Ext. - ex te rna l  t iming con t ro l  
C a l .  Cont. - continuous CALIBRATE 
Run. Cont, - continuous RUN 
1 2  h r  - continuous RUN, c a l i b r a t i o n  once every twelve hours 
6 h r  - continuous RUN, c a l i b r a t i o n  once every s i x  hours 
Samp. - four  minute cycle:  one minute measure, one minute purge, 

one minute c a l i b r a t e ,  one minute purge 

AMPLIFIER 

FS Output - modifies f u l l  scale s e n s i t i v i t y  by f a c t o r  of 1, % or  % 
T i m e  Constant - normal, 1 s e c ,  10 s e c ,  40 s e c  
Offse t  - provides dark cur ren t  o f f s e t  con t ro l  from 0 - 10 amps 

-8 

LAMP CURRENT - con t ro l s  c a l i b r a t i o n  lamp cur ren t  

ELAPSED TIME METER - hours and 1/10 hours ,  ac tua ted  during power ON 
condi t ion 

AC POWER - s i n g l e  switch tu rns  e n t i r e  system ON 

FLOW CONTROL - valves  and flowmeters f o r  d i l u t i o n  and t o t a l  flow con t ro l  
and monitoring 

SHUTTER - open f o r  opera t ion ;  c lose  f o r  dark cur ren t  check and d i s c  
removal/replacement 

D I S C  ACCESS DOOR - allows removal/replacement of d i s c  

INTERLOCK SYSTEM - i n d i c a t e s  s h u t t e r  con t ro l  s t a t u s ;  warning buzzer when 
d i s c  access door opened without f u l l y  c los ing  s h u t t e r  

HV POWER SUPPLY: 

Power Switch - ON pos i t i on  
HV Controls - normally set f o r  va lue  which y i e l d  PM tube ga in  = 200 
Cover - normally l e f t  i n  p lace  
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3,6  Performance C h a r a c t e r i s t i c s  

The s i n g l e  most important set of s p e c i f i c a t i o n s  f o r  t h e  in s t ru -  

ment is  t h e  performance c h a r a c t e r i s t i c s .  Some of t h e s e  were t abu la t ed  

i n  Sec t ion  3.4. A b r i e f  desc r ip t ion  of t h e  more pe r t inen t  performance 

c h a r a c t e r i s t i c s  w i l l  b e  given i n  t h i s  s ec t ion .  

and performance cr i ter ia  are given i n  Sec t ion  4.0 f o r  t he  r e spec t ive  

sub-assemblies 

Detai led desc r ip t ions  

3.6.1 Lag, Response, and Decay T i m e  -- Lag, response,  and 

decay t i m e  of t h e  chemiluminescent ozone meter w a s  determined i n  both t h e  

c a l i b r a t e  and measure mode of opera t ion  and a t  four  t i m e  constant  posi-  

t i o n s  of t h e  ampl i f ie r .  Lag t i m e  i s  def ined as t h e  t i m e  i n t e r v a l  required 

f o r  a readable  change i n  recorded output  following in t roduct ion  of ozone 

t o  t h e  system. Response t i m e  is  the  t i m e  i n t e r v a l  required t o  reach 

95 percent  of the  f i n a l  recorded output  following in t roduct ion  of ozone 

t o  t h e  system. Decay t i m e  i s  the  t i m e  required t o  reach 95 percent  of t h e  

base l i n e  o r  zero re ference  level  a f t e r  removal of t h e  ozone source.  

A known concentrat ion of ozone ( 2 .  20 pphm) w a s  produced using 

t h e  UV c a l i b r a t i o n  source  t o  determine t h e s e  t h r e e  parameters i n  both t h e  

c a l i b r a t i o n  and measure mode. I n  both cases t h e  instrument output  w a s  

recorded on a s t r i p e h a r t  recorder  a t  a cha r t  speed of 4 inches per  

minute, A t  t h i s  speed it  w a s  convenient t o  monitor t h e  char t  record a t  

t h r e e  second i n t e r v a l s .  Lag and response t i m e  were determined simulta- 

neously by measuring t h e  t i m e  required f o r  i n i t i a l  response and u l t ima te  

output following in t roduct ion  of ozone at t h e  instrument i n l e t  f o r  t h e  

measure mode and through the  c a l i b r a t i o n  u n i t  i n  t h e  c a l i b r a t e  mode. 
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Decay t i m e  w a s  determined by c los ing  t h e  s h u t t e r  of t he  c a l i b r a t i o n  box 

and monitoring t h e  t i m e  f o r  decay of t h e  s i g n a l  t o  95 percent  of t h e  

u l t ima te  d i s c  cu r ren t ,  which i s  def ined as t h e  level  of s i g n a l  output  

produced when a i r  containing no ozone is allowed t o  flow over t h e  d i s c .  

Resul ts  of t he  above tests are summarized i n  Table 1. 

Table 1 

LAG, RESPONSE, DECAY TIME (E 20 pphm ozone) 
_ ~ _  

Mode Amplifier Lag T i m e  Response T i m e  Decay T i m e  
of Operation T i m e  Constant (sec)  ( S e d  (see> 

Ca l ib ra t e  

Measure 

N 3 7 10.5 
1 4 8 22.5 

10 5 52 71.0 
40 9 520 50.1 

N 6 1 4  
1 8 60 

10 12 130 
40 15 540 

15 
25 

108 
660 

From inspec t ion  of t h e  d a t a  and t h e  plumbing system it  may be  

seen t h a t  t h e  bulk  of the  delay is  due t o  t h e  length  of tubing between 

the  0 source  and t h e  d i s c  neglec t ing  t h e  t i m e  constant  e f f e c t ,  
3 

3,6.2 S e n s i t i v i t y ,  Resolut ion,  D y n a m i c  Range -- The s e n s i t i v i t y  

of the  instrument can b e  def ined as t h e  minimum de tec t ab le  level of ozone 

concentrat ion and i s  dependent on t h e  s e n s i t i v i t y  of t h e  d i s c  and t h e  

c h a r a c t e r i s t i c s  of t he  phototube. Data i n d i c a t e  t h a t  one can d e t e c t  

ozone concentrat ions on t h e  order  of 1 ppb ozone i n  ambient a i r  using a 

f r e s h l y  prepared Rhodamine-B d i s c  as descr ibed i n  Sect ion 2.2.  A decrease 

i n  instrument s e n s i t i v i t y  occurs as t h e  Rhodamine-B on t h e  d i s c  is  consumed, 

20 



The r e s o l u t i o n  of t h e  instrument can be  def ined as the  minimum 

ozone concent ra t ion  change which produces a s i g n i f i c a n t  change i n  output  

s i g n a l ,  Using a f r e s h l y  prepared d i s c  t h e  r e so lu t ion  of t h e  instrument  

is on t h e  order  of 0 .1  pphm. The r e so lu t ion  of t h e  instrument i s  

b a s i c a l l y  a func t ion  of the  PM tube and input  ampl i f i e r  no i se  and sens i -  

t i v i t y  of t he  d i s c .  

The dynamic range of t he  instrument i s  est imated t o  cover a t  

4 least a range of 10 ( i - e . ,  1 ppb - 10 ppm). This again depends on d i s c  

c h a r a c t e r i s t i c s  and t h e  vol tage  o r  ga in  appl ied t o  the  phototube, 

ampl i f ie r  is  c a l i b r a t e d  i n  5 l i n e a r  cu r ren t  ranges,  from 10  amps FS 

t o  amps FS. Assuming t h e  d i s c  response i s  l i n e a r ,  then t h e  system 

may be adjusted f o r  a dynamic range of 10 , with  t h e  most s e n s i t i v e  range 

providing a p r e c i s e  reading of t h e  PM tube dark cur ren t .  

The 

-9 

4 

3 . 6 . 3  S t a b i l i t y  and Repea tab i l i t y  -- The s t a b i l i t y  of t he  

instrument cannot be  divorced from t h e  c h a r a c t e r i s t i c s  of t he  Rhodamine-B 

sensor ,  The s t a b i l i t y  of t h e  var ious  sub-assemblies, such as t h e  cali- 

b r a t i o n  u n i t ,  photomult ipl ier- tube,  power supply,  ampl i f i e r ,  and i n l e t  

flow rate i n t o  t h e  instrument is discussed i n  Sec t ion  4.0. I n  genera l ,  

however, t h e  s t a b i l i t y  of t h e  instrument  is pr imar i ly  dependent on t h e  

chemiluminescent d i s c .  

temperature and t h i s  can be  a s i g n i f i c a n t  e f f e c t  at very low concentra- 

t i ons  of ozone. 

Dark cur ren t  is d i r e c t l y  a f f ec t ed  by t h e  PM tube 

The r e p e a t a b i l i t y  o r  p rec i s ion  of t he  instrument i s  aga in  

pr imar i ly  a func t ion  of t h e  c h a r a c t e r i s t i c s  of t h e  d i sc .  

of t he  measurement and c a l i b r a t e  s i g n a l  should be  q u i t e  good when 

Repeatab i l i ty  
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monitoring ambient ozone l e v e l s  us ing  a " s t a b l e  d isc" ,  where decrease i n  

s i g n a l  i s  a func t ion  only of consumption (decay) of t h e  Rhodamine-B d i s c ,  

3 . 6 , 4  Moisture E f f e c t s  -- It is  i n t e r e s t i n g  and important t o  

note  t h a t  t he  c a l i b r a t i o n  s i g n a l  is  not  a f f ec t ed  by changes i n  relative 

humidity. I n  a series of experiments, dry a i r  w a s  passed over an ex te rna l  

UV lamp, followed by a i r  sa tu ra t ed  wi th  moisture  at the  same flow rate, 

No v a r i a t i o n  i n  s i g n a l  could be  de tec ted .  

d i c t i o n  t o  t h e  previous observat ions about moisture  s e n s i t i v i t y  of t h e  

d i s c ,  one poss ib l e  explanat ion is  t h a t  a decrease i n  ozone generat ion 

e f f i c i ency  i n  moist a i r  by the  W lamp w a s  j u s t  counterbalanced by t h e  

increased s i g n a l  from t h e  moisture  s e n s i t i v e  d i s c .  

t o  be  inves t iga t ed  f u r t h e r  wi th  o ther  d i sc s .  

While t h i s  may seem i n  contra- 

This po in t  w i l l  have 

The observat ions have s ign i f i cance ,  too ,  with respec t  t o  the  

state of t h e  des iccant  columns i n  t h e  instrument.  I f  d i s c s  can be  

prepared which have no moisture s e n s i t i v i t y ,  then the  r e c i r c u l a t i o n  

des iccant  columns can be  replaced by a s m a l l  amount of charcoal  o r  MnO 

j u s t  t o  des t roy  t h e  ozone i n  t h e  bypass loop. The des iccant  column i n  

t h e  c a l i b r a t i o n  a i r  l i n e  may be  replaced by a similar charcoal  column 

i f  i t  can b e  demonstrated t h a t  t h e  magnitude of t h e  r e s u l t i n g  c a l i b r a t i o n  

s i g n a l  i s  independent of ambient relative humidity, 

2 '  

3.6.5 Flow Rate Charac te r i s t i c s  -- An experiment w a s  conducted 

t o  s imula te  e f f e c t s  of pressure  and i n l e t  flow rate va r i a t ions  when t h e  

instrument is  operated from a manifold common t o  o the r  a i r  monitoring 

equipment. Var i a t ion  i n  i n l e t  flow rate under normal operat ing condi t ions 

w a s  determined t o  be  less than 2 percent  during a 24 hour per iod.  

w a s  determined by monitoring t h e  i n l e t  flow wi th  a Hasting3+mass flowmeter 

This 
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with t h e  t o t a l  and d i l u t i o n  rotameter  set a t  t h e  appropr ia te  va lues  and 

undisturbed f o r  t h i s  per iod.  

A. Ca l ib ra t ion  Mode 

The e f f e c t  of v a r i a t i o n  i n  i n l e t  flow rate on instrument 

response i n  the  c a l i b r a t i o n  mode of opera t ion  w a s  determined us ing  t h e  

set-up i n  Fig.  6 ,  A i r  flow rate i n t o  t h e  instrument w a s  var ied  from 50 

t o  215 ml/min by ad jus t ing  a micrometer valve and monitored us ing  t h e  

Hastings mass flowmeter. Instrument output  w a s  recorded on a HP-680 

s t r i p  cha r t  recorder  and i n l e t  p ressure  determined wi th  a water manometer. 

Resul ts  of t hese  tests are included i n  Table 2. 

Table 2 

EFFECT OF INLET FLOW RATE VARIATION ON INSTRUMENT 
I N  CALIBRATION MODE 

Flow Rate 
(ml/min) AP ( i n  H20) S igna l  Output 

(% Chart) 

50 
68 
96 

100 
12 5 
140 
160 
1 8 7  
215 

-7.2 
-6.5 
-1.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 

51.0 
51.0 
51.5 
52.0 
52.0 
52.0 
52.0 
52.5 
52,5 

From Table 2 it can be  seen t h a t  changes i n  flow rate through 

t h e  c a l i b r a t i o n  box over the  range (50 t o  215 ml/min) a f f ec t ed  t h e  output  

s i g n a l  by less than 2 percent .  

generated i s  propor t iona l  t o  t h e  flow rate through t h e  c a l i b r a t i o n  box 

(see  Sec t ion  4 . 4 ) ,  t h e  net concentrat ion of ozone presented t o  t h e  sensor  

Although t h e  concentrat ion of ozone 
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(Rhodamine-B d i sc )  remains constant  due t o  increased o r  decreased d i l u t i o n  

r a t i o  

B.  Measure Mode 

Figure 7 is  a diagram of the  set-up used t o  determine t h e  e f f e c t  

of v a r i a t i o n  of i n l e t  flow rate i n  t h e  measure mode. Measurement tech- 

niques f o r  t h e  var ious  parameters (air flow rate, AP, s i g n a l  output)  were 

t h e  same as presented i n  p a r t  A. I n l e t  flow rate w a s  va r i ed  from 50 t o  

150 ml/min. Resul t s .of  t hese  tests are included i n  Table 3.  

From Table 3 i t  is  apparent t h a t  changes i n  i n l e t  f low rate 

se r ious ly  a f f e c t s  s i g n a l  output i n  t h e  measure mode. A l inear r e l a t ion -  

sh ip  (see Fig. 8 )  e x i s t s  between flow rate and s i g n a l  output ( i S e s 9  a 

decrease of 50 percent  i n  s i g n a l  output  is  seen when flow rate i s  

decreased 50 percent ) .  

measurement mode, un less  t he  i n l e t  f low rate is  maintained exac t ly  at  

100 ml/min. 

Ser ious measurement e r r o r s  w i l l  occur i n  t h e  

Table 3 

EFFECT OF INLET FLOW RATE VARIATION ON 
INSTRUMENT OUTPUT I N  MEASURE MODE 

Flow R a t e  
(ml /min) AP ( i n  H20) S igna l  Output 

( X  Chart)  

50 
60 
70 
80 
90 

100 
120 
150 
200 

-7.2 
-6.9 
-6.5 
-3.6 
-2.3 
-0.3 
-0.3 
-0.3 
-0.3 

26 
3 1  
36 
40 
46 
52 
59 
7 0  
84 
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One o the r  c h a r a c t e r i s t i c  of t h e  instrument ,  which is  a func t ion  

both of d i s c  and d i s c  chamber, i s  t h e  e f f e c t  of t o t a l  flow rate through 

t h e  chamber. Table 4 gives the  s i g n a l  obtained from the  ind ica t ed  volume 

of ozonized air passed through the  d i s c  chamber wi th  no r e c i r c u l a t i o n  of 

t he  sample. 

Table 4 

TOTAL FLOW RATE DEPENDENCY OF D I S C  CHAMBER 

A i r  (ml/min) S igna l  

200 
300 
400 
500 
600 
700 
800 

6.7 
7.2 
7.2 
7 . 1  
7.0 
6.9 
6.7 

Thus, t h e r e  i s  range of flow rates g iv ing  e s s e n t i a l l y  t h e  same s i g n a l  f o r  

a given concentrat ion of ozone, which extends from about 250 ml/min t o  

600 mljmin. A s  would be  pred ic ted ,  however, when sample a i r  i s  rec i rcu-  

l a t e d  t h e  f r a c t i o n  of t h e  t o t a l  f low which c o n s i s t s  of ou t s ide  sample w i l l  

determine t h e  magnitude of t he  s i g n a l .  This i s  shown i n  d a t a  of Table 5. 

Table 5 

SAMPLE FRACTIONAL FLOW RATE DEPENDENCY 
OF DISC CHAMBER 

Sample Flow 
( m l  /min) 

T o t a l  Flow over Disc 
(ml/min) 

S igna l  

100 600 6,2 
100 500 6.5 
100 400 8.2 
100 300 9.2 
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3 . 6 . 6  Tvpical  S igna l  Responses -- A s  w a s  discussed i n  t h e  

s e c t i o n  on t h e  chemiluminescent sensor ,  t h e  t r a n s i e n t  response of t h e  

d i s c  t o  ozone is a func t ion  of i t s  immediate p a s t  exposure. For t h e  

condi t ion  where it is  assumed t h a t  t h e  proper a c t i v a t i o n  per iod has been 

c a r r i e d  o u t ,  t h e  two s i g n i f i c a n t  types of responses are i l l u s t r a t e d  i n  

Figs.  9 and 10. The condition f o r  extended exposure t o  ozone f r e e  air 

is i l l u s t r a t e d  i n  Fig.  9. The s i g n i f i c a n t  e f f e c t  is  t h e  f a s t  rise t i m e  

of t he  s i g n a l  and l a r g e  overshoot. The o t h e r  d i s t i n c t  e f f e c t  caused by 

a shor t  t i m e  of exposure t o  c lean  a i r  between samples of ozone i s  shown 

i n  Fig. 10. This is  charac te r ized  by t h e  over-damped response t o  t h e  

s i g n a l ,  

of 30 pphm, 

t i m e s  on t h e  order  of 10 minutes o r  g r e a t e r .  

The ozone concent ra t ion  f o r  t hese  two examples w a s  on t h e  order  

The overshoot condition is  ev ident  f o r  ozone f r e e  exposure 

An example of a t y p i c a l  response f o r  t h e  instrument whi le  i n  

t h e  4 min. cyc le  sampling mode i s  given i n  Fig. 11. 

The t r u e  dark cur ren t  f o r  t h e  photomul t ip l ie r  tube i s  observed 

when t h e  d i s c  housing s h u t t e r  i s  f u l l y  closed. This provides f o r  a good 

check on t h e  tube  condition (assuming no l i g h t  l eaks )  and provides,  

e s s e n t i a l l y ,  a zero  output s i g n a l  r e fe rence  level, which may be  ad jus ted  

t o  zero  by means of t h e  o f f s e t  control .  

The s i g n a l  from t h e  chemiluminescent d i s c  under conditions of 

zero O3 depends again on t h e  immediate p a s t  exposure h i s t o r y .  I n  genera l ,  

once t h e  d i s c  has been exposed t o  ozone, it requ i r e s  on t h e  o rde r  of hours 

t o  decay t o  t h e  o r i g i n a l  "dark d i s c  current".  This is  e s s e n t i a l l y  an 

exponential  decay rate. 
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4.0 DETAILED SYSTEM DESCRIPTION 

4 . 1  General 

A func t iona l  desc r ip t ion  of the  o v e r a l l  system w a s  given i n  

Section 3.0; re ference  should be made t o  t h i s  s ec t ion  f o r  c l a r i f i c a t i o n .  

of t he  ind iv idua l  subsystem func t iona l  requirements.  Throughout t h e  

system, commercially ava i l ab le  p a r t s  are used where p r a c t i c a l .  I n  some 

cases it  w a s  necessary t o  modify s l i g h t l y  some of t h e  components. A l l  

cal l -out  p a r t s  may be  i d e n t i f i e d  by manufacturer and type by r e f e r r i n g  

t o  the  r e spec t ive  s e c t i o n  i n  t h e  p a r t s  l i s t  ( see  appendix). 

4.2 Plumbing Subsystem 

A d e t a i l e d  diagram of t h e  plumbing subsystem is  shown i n  Fig,  1 2 .  

I n  t h i s  diagram the  func t iona l  l oca t ion  of a l l  s i g n i f i c a n t  components 

are shown, along wi th  t h e  type of tubing,  f i t t i n g ,  etc. A p a r t s  layout  

f o r  t h e  plumbing subsystem i s  shown i n  Fig. 13 i n  which the  relative 

loca t ion  of a l l  t h e  components are shown. 

I n  the  RUN mode, gases are pul led  through the  sample a i r  i n l e t  

po r t ;  during t h e  CALIBRATE mode, gases are pu l l ed  through t h e  c a l i b r a t e  

a i r  i n l e t  p o r t  and through t h e  drying tower. This  lat ter operat ion re- 

moves moisture  from t h e  in t ake  a i r  and des t roys  a l l  of t h e  ozone. Both 

t h e  sample and c a l i b r a t e  gases fol low common pa ths  a f t e r  passing po in t  (7A). 

Only one of t h e  two p o r t s  i s  open a t  any given t i m e .  

incoming gas  (100 ml/min) i s  mixed wi th  the  d i l u t i o n  a i r  (500 ml/min) and 

passed through the  l i g h t  r e j e c t i o n  c o i l  i n t o  t h e  de t ec to r  u n i t .  

r e j e c t i o n  c o i l  is  a s i n g l e  tu rn  of g l a s s  tubing--covered wi th  b lack  heat-  

shr inkable  v i n y l  tubing. This device reduces t o  an acceptable  l e v e l  

A t  po in t  (7B) t h e  

The l i g h t  
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t h e  amount of e x t e r n a l  l i g h t  en te r ing  through the  en t rance  po r t .  

The gas  passes  over t h e  chemiluminescent d i s c ,  through another  drying 

tower, flowmeter, va lves  and pump. P a r t  of t h e  exhaust a i r  is  

d i r ec t ed  t o  form t h e  d i l u t i o n  flow. 

Flowmeters are i n s t a l l e d  i n  both  the t o t a l  flow and d i l u t i o n  

flow l i n e s  f o r  adjustment and monitoring. These meters have a s tandard 

accuracy of - + 10% of maximum scale from 100% t o  10% of scale reading,  

The c a l i b r a t i o n  curve is  shown i n  Fig. 39, i n  Appendix C . 3 ,  see t h i s  

s ec t ion  a l s o  f o r  i n s t r u c t i o n s . f o r  proper set-up procedure. Three 

p rec i s ion  v e r n i e r  con t ro l  valves  are used f o r  t h i s  purpose. 

flow and f i n e  d i l u t i o n  va lves  are loca ted  on t h e  f r o n t  panel  of the 

instrument.  

The t o t a l  

A l l  p a r t s  of t he  system between t h e  sample i n l e t  p o r t  and 

de tec to r  are constructed of either g l a s s  o r  t e f l o n  i n  order  t o  the  

prevent t h e  des t ruc t ion  of ozone, Sof t  copper and tygon tubing,  b r a s s  

tubing f i t t i n g s  and b r a s s  va lves  are used where contamination i s  not  

a problem. 

A 5 t o  1 d i l u t i o n  system i s  used t o  prolong t h e  l i f e  of t h e  

d i s c  and t o  reduce t h e  e f f e c t s  of humidity. 

Drierite wi th  approximately 1" of MnO 

each tower are used t o  remove t h e  moisture  and des t roy  any ozone present ,  

respec t ive ly .  

A commercial des iccant ,  

i n  t h e  center o r  o u t l e t  end of 2 

Because of t h e  type of s i n g l e  pump system and d i l u t i o n  l i n e  

conf igura t ion  i t  i s  necessary t o  maintain a constant  pressure  a t  t h e  

i n l e t  po r t .  I f  t h e  i n l e t  p ressure  changes, t h e  t o t a l  flow remains con- 

s t a n t  while  t h e  d i l u t i o n  flow inc reases  o r  decreases  t o  compensate 

f o r  the  change i n  sample flow due t o  the pressure  change. 
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The following d a t a  shows t h e  e f f ec t iveness  of t h e  rotameter f l o a t  

o r  t h e  v e r n i e r  scale as an i n d i c a t i o n  of a i r  flow, The d i l u t i o n  flow w a s  

manually changed and then re turned  t o  100 ml/min as ind ica t ed  by a mass 

flow meter loca ted  a t  t h e  i n l e t  sampling port .  The f l o a t  pos i t i on  and 

v e r n i e r  were then  read. To ta l  flow w a s  he ld  cons tan t ,  

F loa t  
P 

Day 1 36 
36 

36 

36 

36 
36 

36 

Day 2 36 

Vernier 

4 6 . 3  

48.7 v e r n i e r  = 2 5% 

45 .3  

4 6 . 5  

4 7 . 1  
45 .4  

46 .1  

45 .8  

Adjust ing t h e  flow as ind ica t ed  by t h e  f l o a t ,  t h e  e r r o r  from 

100 ml/min shown by t h e  mass flow m e t e r  w a s  * 2 percent.  
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4.3 Detector  

A cross  s e c t i o n a l  view of the  de t ec to r  assembly showing t h e  

p r i n c i p a l  components i s  shown i n  Fig.  14. The l o c a t i o n  of the  de t ec to r  

u n i t  i n  t h e  system i s  shown func t iona l ly  i n  Fig. 1, and the  assoc ia ted  

plumbing is  shown i n  Fig.  12.  The p r i n c i p a l  components of t he  d e t e c t o r  

are t h e  photomul t ip l ie r  tube (PM) and HV supply,  d i s c  chamber and 

assoc ia ted  plumbing. 

en te r s  t he  chamber t a n g e n t i a l l y  t o  the  d i s c  and fol lows a s p i r a l - l i k e  

The chamber i s  designed s o  t h a t  t he  i n l e t  a i r  

flow over t h e  d i s c ,  passing through the  exhaust p o r t  which is loca ted  i n  

t h e  center  of t h e  d i s c  chamber. A p i c t o r a l  r ep resen ta t ion  of t h i s  i s  

given i n  Fig.  15, The top of t h e  chamber c o n s i s t s  of a quar tz  window 

sea led  t o  t h e  chamber, thus providing an a i r - t i g h t  chamber. 

Light  en te r ing  the  chamber by t h e  i n l e t  p o r t  is  reduced t o  an 

acceptable  va lue  by m e a n s  of a loop i n  t h e  i n l e t  g l a s s  tubing. The loop 

is  encased i n  b lack  v i n y l  heat-shrinkable tubing.  

s a t i s f i e s  t h e  requirements f o r  t h e  exi t  po r t .  

Black rubber tubing 

The cutaway view of t h e  PM tube and housing i n  Fig. 1 4  shows 

the  placement of t h e  s p e c i a l  grounding b r a i d  loca ted  between the  tube 

near  t h e  cathode end and t h e  MU-meta l  sh i e ld .  The la t te r  s h i e l d s  

aga ins t  s t r a y  electric and magnetic f i e l d s .  The b r a i d  reduces no i se  due 

t o  s ta t ic  charge bui ldup on t h e  tube.  This i s  an addi t ion  t o  t h e  standard 

PM tube housing. 

t he  chemiluminescent d i s c  i s  approximately 1 /2  inch.  

f o r  d e t a i l s  on tube handling. 

The sepa ra t ion  d i s t ance  between the  PM tube cathode and 

See Appendix C-10 

The cathode of t h e  PM tube i s  posi t ioned approximately f l u s h  

wi th  f a c e  of t h e  PM tube housing b o l t  f lange.  A c i r c u i t  diagram of t h e  
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PM tube base  wir ing  is shown i n  Fig. 16. 

s e l ec t ed  f o r  dark cur ren t  < 10 amps. The high vol tage  (HV) f o r  t h e  

PM tube i s  genera l ly  set f o r  t h e  va lue  which y i e l d s  a ga in  = 200. 

The tube i s  an EM1 Type 9558C 

-9 

A compilation of t h e  PM tube c h a r a c t e r i s t i c s  f o r  both t h e  

9558C and t h e  9750 type is given i n  Table 6.  This inc ludes  t h e  f a c t o r y  

s p e c i f i c a t i o n s  and the  measured va lues  f o r  dark cu r ren t .  The r a t i o  of 

measured t o  r a t ed  dark cur ren t  w a s  approximately 3/1 which w a s  i n  l i n e  

wi th  the  expected inc rease  i n  PM tube dark cu r ren t  due t o  increased 

temperature. 

t he  labora tory  w e r e  operated somewhat above t h i s  level. 

The f ac to ry  r a t e d  va lue  is run a t  20°C while  t h e  u n i t s  i n  

The signal-to-dark cur ren t  ra t io ,which  w a s  used as a measure 

of comparative s e n s i t i v i t y  f o r  t h e  PM tubes ,  w a s  measured on the  same 

u n i t ,  same d i s c ,  etc. ,  w i th  no changes i n  condi t ions wi th in  p r a c t i c a l  

l i m i t s .  

The h igh  vo l t age  supply is a Power Designs Model 2K-10 wi th  

f r o n t  panel  con t ro l s  which allow f o r  p r e c i s e  s e l e c t i o n  of t h e  high 

vol tage  va lue ,  A cover i s  provided f o r  t h i s  u n i t  s o  t h a t  t h e  vo l t age  

cont ro ls  w i l l  not  inadver ten t ly  be  changed. The u n i t  i s  s o  designed 

s o  t h a t  both t h e  high vol tage  and primary power ON switches are l e f t  

i n  t h e  ON pos i t i ons  and t h e  power f o r  t he  e n t i r e  instrument cont ro l led  

by t h e  one power switch,  A test  w a s  made on 5 of t h e  HV supp l i e s  t o  

determine the  accuracy of t h e  vo l t age  s e t t i n g  cont ro ls .  

by s e t t i n g  t h e  con t ro l s  f o r  t h e  500, 750 and 1000 v o l t  levels i n  t u r n  

and measuring t h e  t r u e  output  with a Fluke Model 8958 DC n u l l  vo l tmeter ,  

The r e s u l t s  are shown i n  Table 7. 

This w a s  done 
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Table 7 

HV POWER SUPPLY SETABILITY TEST 

Unit Number 

Voltage S e t t i n g  

500 750 1000 

902151 
902166 
902185 
902193 
902163 

501 e 4 751.5 1001.8 
501.6 751.9 1002 e 2 
501.94 752.5 1002.985 
501 a 65 751.94 1002.28 
501.43 751.71 1001.96 

A s h u t t e r  is incorporated i n  t h e  d i s c  housing between t h e  

quar tz  window and t h e  cathode of t he  PM tube. 

t he  s h u t t e r  is t o  f a c i l i t a t e  t h e  measurement of t h e  PM tube dark 

cur ren t .  I n  add i t ion  i t  is  used t o  p r o t e c t  t h e  tube  from e x t e r n a l  

l i g h t  when the  d i s c  is replaced.  Access t o  the d i s c  is  through t h e  

door on t h e  f r o n t  panel.  A miniature  l ab  j a c k  is used t o  raise and 

lower t h e  d i s c  holder .  An i n t e r l o c k  c i r c u i t ,  designed t o  prevent 

inadver ten t  exposure of t he  PM tube t o  excess l i g h t ,  gives  v i s u a l  

i nd ica t ion  f o r  t h e  f u l l y  open and f u l l y  c losed condi t ions f o r  t h e  

s h u t t e r .  When t h e  s h u t t e r  i s  i n  the  f u l l y  opened p o s i t i o n ,  a mechanical 

s t o p  prevents  opening of the  d i s c  access door. A buzzer sounds i f  t h e  

d i s c  access door is opened when t h e  s h u t t e r  is  i n  any but  t he  f u l l y  

closed condi t ion,  Details on t h i s  c i r c u i t  are given i n  Fig. 1 7 ,  

The primary purpose of 
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FIGURE 15. AIR FLOW PATTERN I N  DISC CMMBER 
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4 , 4  Cal ib ra t ion  Unit 

In the c a l i b r a t i o n  u n i t  c lean  air i s  exposed t o  a constant  

amount of u l t r a v i o l e t  r ad ia t ion  from a low-pressure mercury arc lamp. 

The p a r t i c u l a r  s p e c t r a l  region of interest is around 1850 A. 

resonance l i n e  of mercury i s  2537 A; however, enough energy i s  r ad ia t ed  

0 

The 
0 

i n  t he  s h o r t e r  wavelength region t o  produce t h e  des i r ed  ozone level, 

The c a l i b r a t i o n  u n i t  c o n s i s t s  of a low pressure  mercury arc lamp, 

a quartz  tube  through which the  clean a i r  flows, and an ad jus t ab le  

ape r tu re  and solenoid con t ro l l ed  s h u t t e r .  A cutaway drawing of t h e  

c a l i b r a t i o n  u n i t  l i s t i n g  t h e  major components, i s  shown i n  Fig. 18, 

Details on lamp replacement and ape r tu re  range adjustments are given 

i n  Appendix C.5 and C.9, r e spec t ive ly .  The l e v e l  of radiance is  

con t ro l l ed  and monitored by means of a v a r i a c  and lamp cur ren t  meter. 

Various, bu t  repea tab le ,  l e v e l s  of 0 concentrat ion are obta inable  

with t h e  ad jus t ab le  aper ture .  The s p e c i f i c  c a l i b r a t i o n  curve f o r  

3 

each instrument is included i n  t h e  f r o n t  of t h e  manual, 

The housing is  e s s e n t i a l l y  a sea led  u n i t  t o  preclude t h e  

escape of ozone o r  W rad ia t ion .  Because of t h e  t h i c k  w a l l  construc- 

t i o n ,  t h e  u n i t  i s  reasonably s t a b l e ,  thermally.  The lamp i s  l e f t  on 

a t  a l l  t i m e s  and t h e  u n i t  i s  e f f e c t i v e l y  turned on and o f f  by activa- 

t i o n  of t h e  e l e c t r i c a l l y  operated s h u t t e r ,  The p a r t i c u l a r  W lamp 

used i s  r a t e d  a t  17 mA. To improve s t a b i l i t y ,  t h e  lamps are .pre-aged 

f o r  400-500 hours,  s e l ec t ed  f o r  optimum c h a r a c t e r i s t i c s ,  and then 

operated a t  10 mA, 

The ozone concentrat ion is  dependent on lamp temperature, 

lamp cu r ren t ,  ape r tu re  s e t t i n g ,  and flow rate. The lamp temperature 
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i s  regula ted  by t h e  thermal s t a b i l i t y  of t h e  u n i t .  

cur ren t  v a r i a t i o n  on t h e  amount of ozone generated i n  the  ind iv idua l  

c a l i b r a t i o n  u n i t s  w a s  determined f o r  a cur ren t  range of 5 t o  18 mA, with  

a constant  ape r tu re  s e t t i n g  of 0 ( i m e e 9  maximum opening) and air  flow 

rates of 50, 100, 150, 200 and 300 ml/min. This  is shown i n  Fig.  19. 

The dependency of ozone output  as a func t ion  of l i n e  vol tage  is  shown 

i n  F ig ,  20 f o r  one flow rate and constant  ape r tu re  s e t t i n g .  

rate of 100 ml/min, ozone output  devia t ion  i s  0.6 pphm o r  6 percent  pe r  

The r e s u l t  of lamp 

A t  a flow 

v o l t  change i n  AC l i n e  vol tage.  These va lues  are t y p i c a l  f o r  a l l  

instruments .  Typical  curves f o r  ozone concentrat ion as func t ions  of 

flow rate and ape r tu re  s e t t i n g  are shown i n  Figs.  21 and 22, r e spec t ive ly .  

Attenuat ing t h e  photon f l u x  inc ident  on t h e  quar tz  tube by 

reducing t h e  ape r tu re  diameter from 1.0 inch (micrometer set a t  0 ) ,  t o  

0.5 inch (micrometer set a t  l0,O) l i n e a r l y  decreases  the  maximum ozone 

output of each c a l i b r a t i o n  u n i t  by an average of 37 percent .  See 

Fig. 23 which shows both t h e  low range and high range c a l i b r a t i o n  curve 

f o r  a t y p i c a l  u n i t ,  

The s t a b i l i t y  of t h e  ind iv idua l  c a l i b r a t i o n  u n i t s  is  wi th in  

the  s e n s i t i v i t y  of t h e  monitor and t h e  experimental  e r r o r  of t h e  ca l ibra-  

t i o n  procedure, 

evident from t h e  c a l i b r a t i o n  d a t a ,  which a l s o  i s  wi th in  t h e  determined 

r e p e a t a b i l i t y  of t h e  experimental  procedure. 

Reproducibi l i ty  e r r o r  on t h e  order  of 6 percent  was  

Ozone generated from t h e  ind iv idua l  c a l i b r a t i o n  u n i t s  a t  

var ious  a i r  flow rates, source cu r ren t s  and ape r tu re  s e t t i n g s  w a s  

determined by t h e  Neut ra l  Buffered-Potassium Iodide  Method and a l s o  by 
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comparison t o  a s e p a r a t e  c a l i b r a t e d  ozone source a f t e r  t h e  u n i t  i n  test 

w a s  permanently i n s t a l l e d  i n  t h e  monitor chass i s .  The d e t a i l e d  ca l ib ra -  

t i o n  technique i s  given i n  Appendix A. 

A c a l i b r a t e d  ozone genera tor  i d e n t i c a l  t o  t h e  i n s t a l l e d  u n i t ,  

preceded by an ozone-moisture t r a p  and a m a s s  flow meter, w a s  a t tached  t o  

t h e  sampling po r t  of t he  ozone monitor being t e s t e d  ( see  Fig.  2 4 ) .  

Operating t h e  monitor i n  t h e  sample mode provided comparison d a t a ,  which 

w a s  i n d i c a t i v e  of t h e  f i n a l  c a l i b r a t i o n  f o r  t h e  i n s t a l l e d  u n i t  a t  var ious  

ape r tu re  s e t t i n g s .  

u n i t s  w a s  a l s o  observed. 

The s t a b i l i t y  and r ep roduc ib i l i t y  of t h e  ind iv idua l  
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4.5 Timing and Control Unit 

The timing and c o n t r o l  u n i t  provides s e l e c t a b l e  timing cyc les  

f o r  t he  sample a i r  and c a l i b r a t e  a i r  so lenoids  and t h e  c a l i b r a t e  lamp 

s h u t t e r .  A c i r c u i t  diagram f o r  t h e  timing and c o n t r o l  u n i t  is  shown 

i n  Fig. 25.  There are t h r e e  automatic modes and t h r e e  manual modes of 

opera t ion  which are push but ton  s e l e c t a b l e  from t h e  f r o n t  panel of t h e  

instrument. The manual modes are as follows: 

CONT RUN - continuous operation i n  t h e  measure mode; i.e.9 

lamp s h u t t e r  closed. 
' t h e  sample a i r  solenoid open and t h e  c a l i b r a t i o n  

COW CAL - continuous opera t ion  i n  t h e  c a l i b r a t e  mode; i .e.,  
t h e  c a l i b r a t e  a i r  solenoid open and t h e  c a l i b r a t e  
lamp s h u t t e r  open, 

EXT - remote switch may be used t o  s e l e c t  CONT RUN o r  
CONT CAI, mode. 

The t h r e e  automatic modes of opera t ion  are descr ibed i n  Fig. 2 6 ,  These 

are e s s e n t i a l l y  as follows: 

SAMP - 4 min cycle cons is t ing  of one min measure, one min 
purge, one min c a l i b r a t e ,  and one min purge. 

6 H R  - 6 hour cycle ,  operating i n  t h e  RUN mode cont inuously 
except f o r  t h e  15 min CALIB mode at t h e  end of each 
cycle.  

12 HR - 1 2  hour cyc le  (otherwise i d e n t i c a l  t o  6 hour cycle).  

The ind ica t ed  c a l i b r a t i o n  t i m e s  f o r  t h e  automatic modes ( i e e e s  15 min) 

are those i n i t i a l l y  set i n t o  each u n i t ;  t h e s e  are ad jus t ab le  and may 

be set f o r  any range from 2% t o  98% of t h e  t o t a l  cyc le  t i m e .  Cycle 

t i m e  may be  va r i ed  by changing rack assemblies a v a i l a b l e  from t h e  t i m e r  

manufacturer (see p a r t s  l i s t ) .  The t i m e r  adjustmenr procedure is  given 

i n  Appendix C , 6 .  
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A 12 VDC power supply, located on t h e  main chass i s  suppl ies  

t h e  vol tages  f o r  t he  solenoids ,  c a l i b r a t e  lamp s h u t t e r  r e l ays  and 

ind ica to r  lamps, 

Event marker connections on t h e  rear panel a r e  connected t o  

r e l a y  contac ts  which are closed coincident with t h e  ac tua t ion  of t he  

c a l i b r a t e  a i r  solenoid.  

The AC vol tage  supply and buzzer f o r  t h e  PM tube s h u t t e r  

i n t e r lock  c i r c u i t  a r e  located on t h e  t i m e r  chassis .  Details of t h e  

in t e r lock  c i r c u i t  are given i n  Section 4 . 3 .  
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INDICATE ACTUATION TIME FOR RESPECTIVE SHUTTER OR SOLENOID 
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4.6 Log/Linear Amplifier 

4.6.1 Descr ipt ion -- The ampl i f i e r  performs the  func t ion  of 

r a i s i n g  t h e  photomul t ip l ie r  tube  anode cur ren t  from t h e  lowest expected 

-9 va lues ,  on t h e  order  of 10  amps, t o  the  des i r ed  0-1 v o l t  output .  A 

block diagram of t h e  ampl i f i e r  subsystem i s  given i n  Fig.  27. The 

ampl i f ie r  i s  b a s i c a l l y  a c a l i b r a t e d  cur ren t  meter incorpora t ing  a three-  

decade logar i thmic  range and f i v e  l i n e a r  ranges.  I n  addi t ion ,  c e r t a i n  

o ther  d e s i r a b l e  func t ions  are provided such as an output a t t enua to r  and 

t i m e  constant  cont ro l .  A d e t a i l e d  c i r c u i t  diagram i s  given i n  Fig. 28, 

A summary of t h e  ampl i f i e r  c h a r a c t e r i s t i c s  i s  given below: 

-9 S e n s i t i v i t y :  Linear  - amps, FS 
amps, FS 
amps, FS 

lom5 amps, FS 
10 amps, FS 

Log - t o  amps, (zero t o  FS va lues)  

7 Input  Impedance - 10 ohm 
( e f f e c t i v e  load impedance f o r  PM tube) 

Noise - 10 pV p-p, .01  t o  1 HZ 

output  - 0-1 v o l t ,  recorder  output j ack  
(5  mA max cu r ren t )  

D r i f t  - Linear  - 10 vv/"C (equiv. t o  input  o f f s e t )  

Log - < 0.5% f o r  60 hours 
( f o r  worst-case condi t ion)  

T i m e  Constant - Normal 
1 sec, 10 sec, 40 sec 

Dark Current Offse t  - 0 t o  lo-' amps 

The input  cur ren t  (PM tube anode cu r ren t )  is  passed through 

7 a 10 ohm vol tage  d i v i d e r ,  This vo l t age  d iv ide r  no t  only provides a 
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known f ixed  r e s i s t a n c e  b u t  on t h e  two least s e n s i t i v e  ranges i t  provides 

vol tage  d i v i s i o n  of 10 o r  100 t o  prevent overload of t he  input  s t a g e s  of 

t h e  ampl i f ie r .  

The vol tage  drop across  t h e  d iv ide r  i s  then sensed by a 

va rac to r  br idge  ope ra t iona l  ampl i f ie r .  This  p a r t i c u l a r  u n i t ,  t h e  Analog 

Devices 3115, w a s  s e l e c t e d  f o r  i t s  low b i a s  cu r ren t  

cur ren t  d r i f t  amp/OC) and high input  impedance ohm). This  

ampl i f ie r  boosts  t h e  lower level s i g n a l s  t o  a usable  level as w e l l  as 

amp) low b i a s  

i s o l a t i n g  t h e  vol tage  d iv ide r  from any loading e f f e c t s .  

When t h e  range switch is  i n  t h e  logar i thmic  pos i t i on ,  t he  

output of t h e  va rac to r  br idge  ampl i f i e r  is fed  i n t o  an OEI 2245 log- 

a r i thmic  ampl i f i e r  i n s t ead  of d i r e c t l y  t o  the  output  ampl i f ie r .  

va r i ab le  vo l t age  d i v i d e r  drops t h e  output  of t h e  log  amp down t o  0.33 

V/decade. 

t o  s h i f t  t h e  level of t he  s i g n a l  s o  t h a t  lo-' amps (10 mV),  i npu t  

corresponds t o  zero  output .  The output  of t h e  d i f f e r e n t i a l  ampl i f i e r  

i s  then fed  i n t o  t h e  output  ampl i f ie r  (another AD-183K) through t h e  log  

pos i t i on  on t h e  last s e c t i o n  of t he  range switch.  

The log  scale c a l i b r a t i o n  curve i s  shown i n  Fig. 29, and the  

l i n e a r  scales are shown i n  Fig.  30. The s i g n a l  is  f e d  i n t o  t h e  output  

ampl i f ie r  through a three-posi t ion a t t enua to r .  This configurat ion gives  

a gain of 1, 

respec t ive ly ,  Capaci tors  are placed across  the feedback r e s i s t o r  i n  t h e  

output  ampl i f i e r  t o  provide f i l t e r i n g  t o  reduce h igh  frequency n o i s e  and 

smooth t h e  output ,  A four-posi t ion switch selects the  proper capac i tor  

f o r  a t i m e  constant  of normal, 1, 10,  o r  40 seconds, The output  is  

A 

An Analog Devices Model 1 8 3 K  d i f f e r e n t i a l  ampl i f ie r  i s  used 

o r  + f o r  f u l l  scale mult iplying f a c t o r s  of 1, 2, o r  4 
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brought ou t  of t h e  ampl i f i e r  box through two BNC connectors connected i n  

p a r a l l e l .  The f r o n t  panel  meter is  connected t o  one and a rear panel  

recorder  output j a c k  is connected t o  the  o ther .  

Dark cur ren t  o f f s e t  o r  base l i n e  adjustment is  provided by a 

bucking vol tage  fed  i n t o  the  top  of t h e  lo7  ohm PM tube anode load. This  

is  cont ro l led  by a 10 t u r n  potent iometer  and is  adjusted f o r  zero  o f f s e t  

a t  zero reading on t h e  d i a l ,  and provides l i n e a r  o f f s e t  up t o  10  amps 

a t  a d i a l  s e t t i n g  of 100. This i s  shown i n  Fig.  31. 

-8 

The u n i t  i s  completely s e l f  contained. An Analog Devices 

100 m A +  15 v o l t  power supply allows t h e  u n i t  t o  be  operated d i r e c t l y  

from 115 VAC. It is  enclosed i n  an aluminum box wi th  removable s i d e  

p l a t e s  and switch s h a f t s  long enough t o  reach through t h e  f r o n t  panel.  

Standard maintenance and c a l i b r a t i o n  procedures f o r  t h e  ampl i f i e r  

are given i n  Appendix C.7. 

4.6.2 T e s t  Procedures and Resul ts  -- Since t h i s  u n i t  i s  t o  be  

run over extended per iods of t i m e  it i s  necessary t h a t  t h e  u n i t  b e  very 

s t a b l e  i n  both zero  base  l i n e  d r i f t  and ga in  accuracy d r i f t .  

t o  providing ampl i f i ca t ion ,  i t  would b e  d e s i r a b l e  t o  b u i l d  f i l t e r i n g  

c i r c u i t s  i n t o  t h e  ampl i f i e r  which remove only t h e  no i se  on t h e  s i g n a l  with- 

out a t t enua t ing  t h e  DC component. A desc r ip t ion  of t he  tests performed 

and the  r e s u l t s  are presented i n  t h e  following paragraphs. 

I n  add i t ion  

Extensive tests were performed t o  determine the  performance of 

a l l  u n i t s  ind iv idua l ly .  Among these  w e r e  tests f o r  ga in  accuracy and 

l i n e a r i t y ,  s t a b i l i t y ,  and noise .  I n  add i t ion  t o  t h e s e  tests a s i n g l e  

u n i t  (EU-414-02) w a s  t e s t e d  f o r  response t o  s t e p  func t ions  and pulses  

and frequency response. 
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To test  t h e  ga in  accuracyp t h e  ampl i f i e r  w a s  connected t o  a 

s t a b l e  power supply and an accu ra t e  d i g i t a l  vo l tmeter  as shown i n  Fig.  32. 

The input  vo l tage  w a s  var ied  from 1 mV t o  20 V i n  3 s t e p s  per  decade i n  

t h e  l i n e a r  ranges and 3 mV t o  10 V i n  2 s t e p s  per  decade i n  t h e  log  

range. This y i e l d s  a t  least 7 d a t a  po in t s  pe r  range switch pos i t i on .  

The maximum devia t ion  from the  des i r ed  l i n e a r  ga in  curve i s  expressed 

POWER 
SUPPLY 

HP 610LA 
> 

as max percent  e r r o r  as given f o r  each u n i t  i n  Table 8. 

EU-414 
AMPLIFIER 

ATTENUATOR 

i - 

FIGURE 3 2 .  GAIN TEST 

Table 8 

GAIN ACCURACY 

Unit  
Number 

Max 
% Error  

0.9 

0.9 

1.0 

0.7 

0.8 

0.7 
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The s t a b i l i t y  of t h e  ampl i f i e r  w a s  checked i n  both the  l i n e a r  

and logari thmic modes. For the  l i n e a r  case t h e  inpu t  w a s  l e f t  unconnected 

and t h e  ga in  set on maximum (10 

f u l l  scale). 

-9 amps, which is equiva len t  t o  10 mV 

The output  w a s  then  monitored on a HP 680 s t r i p  c h a r t  

recorder  f o r  a t  least 12 hours and i n  some cases up t o  72 hours.  

The s t a b i l i t y  check f o r  t h e  logari thmic ampl i f i e r  w a s  somewhat 

d i f f e r e n t .  Since t h e  log  amp i s  referenced such that zero output  

corresponds t o  10 mV or 1 nA i n p u t ,  l eav ing  t h e  inpu t  open would d r i v e  

t h e  ampl i f i e r  off  scale i n  the  nega t ive  d i r e c t i o n .  A l s o ,  i f  10 V w e r e  

appl ied f o r  f u l l  scale output ,  t h e  incremental  ga in  of t h e  ampl i f i e r  

would be  s o  low that any causes of d r i f t  might b e  unobservable. For 

these  reasons t h e  input  w a s  connected t o  a 10 mV source,  which i s  t h e  

highest-gain on-scale opera t ing  poin t  of t h e  ampl i f i e r  i n  t h e  log  mode. 

The output  w a s  connected t o  a HP 680 s t r i p  cha r t  recorder  and observed 

f o r  per iods of 12 t o  72 hours. 

I n  a l l  of t h e  d r i f t  d a t a  taken i n  which t h e  per iods ranged from 

6 h r s  t o  60 h r s ,  t h e  output  never d r i f t e d  more than 1 percent  f u l l  scale, 

o r  10 mV out  of t h e  1 V FS output ,  a f t e r  a 1 h r  warm-up per iod.  From a 

cold start  i n  t h e  l o g  mode, one u n i t  showed a d r i f t  of 40 mV i n  t h e  f i r s t  

hour and a ha l f  and then  s e t t l e d  down t o  less than 10  mV f o r  t h e  

remainder of t h e  24 h r  run. 

The frequency response w a s  measured i n  a conventional manner, 

a low frequency s i g n a l  generator  was hooked t o  the  input  and t h e  output of 

t he  ampl i f i e r  measured f o r  var ious  input  f requencies .  Only the  t h r e e  

h ighes t  ga in  pos i t i ons  were used s i n c e  below t h i s  t h e  ga in  i s  determined 

by vol tage  d i v i s i o n  i n  t h e  input  d iv ide r  and the  frequency response curve 
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is  t h e  same as t h a t  of t h e  

were c a r r i e d  out wi th  t h e  t i m e  constant  switch i n  t h e  normal pos i t i on .  

The r e s u l t s  of t hese  tests f o r  ga ins  of 1, 10 and 100 are shown i n  

Fig.  33. 

amp FS range. The above measurements 

The e f f ec t iveness  of t h e  f i l t e r s  w e r e  checked by applying 

s t e p  funct ions t o  t h e  input  and recording t h e  output  e i t h e r  on a scope 

with camera o r  on a s t r i p  cha r t  recorder .  These are shown i n  t h e  scope 

photographs i n  Figs.  3 4 ,  3 5 ,  and 36 f o r  t i m e  constant  s e t t i n g s  of normal, 

1 sec, and 10  sec, r e spec t ive ly .  The upper trace i s  t h e  output  response,  

t h e  input  waveform is  shown i n  t h e  lower trace. The ho r i zon ta l  sweep 

and vertical  ga in  are i d e n t i c a l  i n  a l l  t h r e e  i l l u s t r a t i o n s ;  t he  40 sec 

t i m e  cons tan t  w a s  checked on a s t r i p  cha r t  recorder  bu t  i s  not  shown. 

A no i se  test on the  ampl i f i e r  w a s  performed. The ampl i f i e r  

input  w a s  l e f t  open and t h e  ga in  turned t o  maximum, The output  w a s  then  

connected t o  an osc i l loscope  and photographed. Likewise t h e  no i se  w a s  

photographed i n  t h e  log  p o s i t i o n  while  t h e  inpu t  w a s  connected t o  10 mV 

source f o r  one case and l e f t  open f o r  another.  The p-p no i se  measured 

with no f i l t e r  f o r  both t h e  l i n e a r  and log  modes w a s  approximately 10  lJv 

It should be  noted t h a t  t h e r e  is  60 Hz r i p p l e  present  i n  the  

output i n  t h e  log  mode wi th  zero  inpu t ;  t h i s  i s  due t o  t h e  extremely 

high gain of t he  log  amp f o r  t h i s  condition. This waveform should be  

reasonably symmetrical o r  t h e  input  balance con t ro l  on t h e  log  amp should 

b e  adjusted (see c a l i b r a t i o n  procedure).  
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The ozone m e t e r  w a s  designed as a labora tory  instrument f o r  t h e  

purpose of eva lua t ing  t h e  chemiluminescent sensor  technique. 

t h e  meter i s  considerably more soph i s t i ca t ed  i n  design than would be  

necessary f o r  a meter t h a t  is  designed as a production u n i t .  This  

v e r s a t i l i t y  i n  design provides f o r  a wide l a t t i t u d e  of test  condi t ions 

thereby permi t t ing  one t o  determine t h e  e f f e c t  of each parameter (such 

as flow ra te ,  temperature? l i n e  vol tage ,  etc.)  and t h e i r  interdependencies.  

Therefore ,  

During t h e  process of des ign ,  f a b r i c a t i o n  and t e s t i n g ,  several 

th ings  have been noted which need t o  b e  inves t iga t ed  f u r t h e r ,  o r  a design 

improvement which might be implemented i n  later models. 

One need is  f o r  a s tandard l i g h t  emission source t o  c a l i b r a t e /  

e s t a b l i s h  the  response of the  photomul t ip l ie r  tube,  

t o  use a l i g h t  source  which emit ted only i n  t h e  spectrum of i n t e r e s t  o r  

else use  f i l t e r s .  A t  t h e  present  t i m e  t h e  PM tubes are roughly compared 

by interchanging them i n  the  same u n i t .  

d i sc s  must assume, t o  a l a r g e  e x t e n t ,  t h a t  t h e r e  i s  no s i g n i f i c a n t  change 

i n  the  PM tube c h a r a c t e r i s t i c s  over t h e  per iod of the  tests. To a l a r g e  

ex ten t ,  t h i s  is  a s a f e  assumption. It  is very d e s i r a b l e  t o  b e  a b l e  t o  

e s t a b l i s h  a f ixed  re ference  s o  t h a t  eva lua t ions  over t i m e  may be  compared 

with a known degree of confidence. 

emitter i s  a r ad ioac t ive  source,  Model l H l C  Sr-90 Cerenkov Generator,  suppl ied 

by Minnesota Mining and Mfg. Co. 

purpose needs t o  be  evaluated.  

It would b e  advisable  

Present  work i n  eva lua t ion  of 

One p o s s i b i l i t y  f o r  t he  l i g h t  

The usefulness  of t h i s  device f o r  t h i s  

Another area of f u r t h e r  i nves t iga t ion  would be i n  t h e  determi- 

na t ion  of t he  optimum s i z e  PM tube and the  poss ib l e  use of an o p t i c a l  

system t o  concentrate  t h e  l i g h t  emit ted from the  d i s c  onto the  
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photomult ipl ier  tube cathode, 

r e s u l t s ,  i n  genera l ,  i n  lower va lues  of dark cu r ren t  and hence poss ib ly  

improved s e n s i t i v i t y .  

which needs t o  be  inves t iga ted .  

The use  of smaller diameter PM tubes 

The cos t  of an o p t i c a l  system would be  a trade-off 

A c lose ly  r e l a t e d  inves t iga t ion  would have t o  do with t h e  

use of a s o l i d  s ta te  de tec to r  i n  p l ace  of t he  PM tube. 

here  would be i n  s e n s i t i v i t y  f o r  a sharp reduct ion  i n  s i z e ,  weight and 

cost .  

The trade-off 

Where changing manifold pressures  are expected i t  would be  

advisable  t o  consider  a redesign of t he  d i l u t i o n  system t o  preclude the  

e r r o r  caused by changing source pressure.  This  may b e  solved t o  a l a r g e  

ex ten t  by adding a sepa ra t e  pump t o  t h e  d i l u t i o n  l i n e  o r  reducing t h e  

d i l u t i o n  flow t o  zero.  

considerat ions such as cos t  of t h e  extra pump o r  t h e  e f f e c t  of s h u t t i n g  

of f  t h e  d i l u t i o n  flow. 

The method of co r rec t ion  would depend on 

Future models of t h i s  instrument could probably be  reduced i n  

s i z e  and weight by a f a c t o r  of two without  too  much d i f f i c u l t y .  
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APPENDIX A 

CALIBRATION PROCEDURE3 FOR THE CALIBRATION UNIT 

Apparatus - The u n i t  i n  test w a s  placed i n  l ine wi th  an ozone- 

moisture  t r a p  of Drierite and No. 40 mesh charcoa l ,  a mass flowmeter, 

two 25 m l  graduated a l l  g l a s s  inp ingers  (open end nozz le  type ) ,  an a i r  

flow c o n t r o l  valve and air pump ( r e f e r  t o  Fig.  37). Quartz tube  t o  

impinger connection w a s  accomplished by means of a t e f l o n  reducing 

union, g l a s s  tubing and aground g l a s s  j o i n t ,  s l i g h t l y  lub r i ca t ed  wi th  

Kel-F N o .  90 stopcock grease.  

a c t i v a t e  t h e  i n t e r n a l  s h u t t e r  and the  UV lamp cur ren t  was ad jus ted  by 

means of an autotransformer and a Pen Ray 10 mA transformer.  All 

tests w e r e  timed wi th  an e l e c t r o n i c  t i m e r  and AC power w a s  regula ted  

a t  1 1 7  v o l t s .  

A 12 VDC power supply was used t o  

A i r  flow w a s  metered with a Hastings mass flowmeter ( a  ther -  

moelec t r ic  type sensor )  wi th  a range of 0 t o  300 s tandard ml/min, 

readable t o  1.5 ml/min and s t a b l e  wi th in  2% t o  250psia. 

Reagents - The absorbing reagent  w a s  prepared with reagent  

grade chemicals - 13.61g potassium dihydrogen phosphate, 14.2g of 

anhydrous disodium hydrogen phosphate and 1O.Og of potassium iod ide ,  

d i l u t e d  t o  1.0 l i t e r  wi th  d i s t i l l e d  water which had been passed through 

two ion  exchange columns and a m i l l i p o r e  f i l t e r .  P r i o r  t o  i n i t i a l  use ,  

each new ba tch  of absorbing reagent  w a s  aged f o r  24 h r s .  i n  t h e  dark 

and a t  room temperature. 

Standard iod ine  so lu t ion ,  0.05N, was prepared by ca re fu l ly  

weighing 16.0g of potassium iodide  and 3.1738 of iod ine  and d i l u t e d  

t o  exac t ly  0.5 l i t e r .  
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Procedure - Exactly 10 m l  of t h e  absorbing reagent w a s  

p ipe t t ed  i n t o  each of two tandem impingers, c a r e f u l l y  sh i e ld ing  t h e  

s o l u t i o n  from l i g h t  whenever poss ib le .  

Ambient air w a s  a sp i r a t ed  through t h e  assembled t r a i n  f o r  

sampling per iods  of 15 t o  30 minutes, a t  flow rates between 50 t o  

300 ml/min. Immediately following sampling, t h e  exposed absorbing 

s o l u t i o n  w a s  t r a n s f e r r e d  f i r s t  t o  a graduated cy l inde r ,  then t o  a 

1 inch diameter co lor imeter  cuvet te .  A t  t he  lower flow rates (ice., 

less than  300 ml/min), no apprec iab le  evaporat ion w a s  observed i n  

e i t h e r  impinger, 

Analysis - Absorbance was determined wi th in  10 t o  15 minutes 

a f t e r  sampling, wi th  a Bausch and Lomb Spectronic 20 Spectrophoto- 

meter, a t  352 nm and wi th  unexposed absorbing reagent as t h e  

re ference .  

S tandard iza t ion  w a s  checked each day during t h e  t es t ,  with 

an 0.0025N iod ine  s tandard  s o l u t i o n  prepared by p i p e t t i n g  5 m l  of t h e  

0.05N s tandard  s tock  s o l u t i o n  i n t o  a volumetr ic  f l a s k  and d i l u t i n g  

t o  100 m l  wi th  absorbing reagent ,  A series of 0.2,  0.4,  0.6, and 0.9 m l  

po r t ions  of t he  d i l u t e d  s tandard  iod ine  w e r e  p ipe t t ed  i n t o  volumetr ic  

f l a s k s  and d i l u t e d  t o  25 m l  wi th  absorbing reagent and t h e  absorbance 

of t h i s  known series w a s  determined a t  352 nm, 
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Calcula t ions  - Absorbance and ca lcu la ted  normality of t h e  

s tandard iod ine  s o l u t i o n  w a s  p l o t t e d  ( r e f e r  t o  Fig. 3 8 ) ,  and t h e  

s t anda rd iza t ion  f a c t o r ,  M, w a s  determined from t h e  normality of the  

s tandard s o l u t i o n  a t  absorbance 1.0 e 

03 (ppm) = Sample absorbance x M/V (Ref. A-1) 

5 where: M ( s tandard iza t ions  f a c t o r )  = 1.224 x 10 I 
I = I n t e r c e p t  a t  absorbance 1.0 and 
V = Volume of sample i n  l i ters 

The above ca l cu la t ions  were executed, assuming no devia t ion  

from t h e  s tandard condi t ions of 760 mm of mercury and 25Oc, and t h e  

a i r  sample volume w a s  used d i r e c t l y  as recorded. 

Then: Volume = 24.47 l i ters  

3 lu I 
1 0  m$ 1N iod ine  = 5 x 10 urnole I = 1.224 x 10 1~1 O3 

= 24.47 ul 03 and 

2 

Procedure e f f i c i e n c y  - Varying t h e  sampling time, no t  

exceeding a maximum of 30 minutes o r  a minimum of 15 minutes and 

obta in ing  t h p  absorbance reading a t  i n t e r v a l s  of 10 t o  15 minutes 

a f t e r  sampling, t h e  e r r o r  observed between consecutive samples w a s  

neg l ig ib l e .  Var ia t ions  d id  occur among success ive  batches of absorbing 
i 

reagent ,  which gave only 93% rep roduc ib i l i t y ,  

Ref. A-1 Saltzman, B. E , ,  Determination of Oxidants (including 0zone)e 
Neut ra l  Buffered-Potassium Iodide  Method, Publ ic  Health Service 
Publ ica t ion  No.  999-AP-11. 
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APPENDIX B 

opera t ion  with both f r o n t  and rear panels i n  
t h e  closed condition. 
r e s u l t  i n  a temperature rise i n  c e r t a i n  components. 
Complete removal of chass i s  i s  s a t i s f a c t o r y  pro- 
v id ing  v e n t i l a t i o n  below chass i s  is  provided. 

Opening e i t h e r  end w i l l  

INSTALLATION AND OPERATION 

B . 1  Prel iminary Set-up Procedure 

(1) Access t o  Main Chassis 

(a)  Remove screws from f r o n t  panel. 

(b) Check f o r  freedom of movement of air  i n l e t  l ine ,  s i g n a l  cable ,  
and power cable  a t  rear of u n i t ,  o r  disconnect as appropr ia te .  

(c) S l i d e  chass i s  out u n t i l  i t  s tops.  

NOTE: A s a f e t y  chain r e s t r a i n s  t h e  chass i s  from 

no t  be removed unless  chass i s  i s  t o  be removed 
completely from cabinet e 

' extending beyond t h e  f i r s t  s top.  This should 

( 2 )  I n s t a l l  Photomult ipl ier  Tube 

(a) I n s t a l l  t he  PM tube i n  t h e  PM tube housing and mount on 
d e t e c t o r  u n i t .  

NOTE: Care should be  taken not t o  expose t h e  PM 
tube  t o  s t rong  l i g h t ;  excessive exposure 
r equ i r e s  approximately 24-48 hours f o r  dark 
cur ren t  t o  decay t o  normal value.  

(3) Attach the Hv and s i g n a l  coax cables  to t h e  PM tube housing. 

( 4 )  Remove shunt w i r e  from output meter te rmina ls .  (This shunt w i r e  
i s  a precaut ionary measure taken i n  shipping t o  prevent damage). 

(5) 

( 6 )  

Visual ly  Inspec t  u n i t  f o r  any obvious damage. 

_I Check condition of drying towers. 

(7) S l i d e  main chass i s  back i n  p l ace ,  - 
NOTE: Open rear door and check tubing t o  drying 

towers t o  a s su re  t h a t  tubing i s  no t  pinched. 

(8) I n s t a l l  chemiluminescent d i s c  (Appendix C. 2) e 
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B.2  Turn-On Procedure 

Close s h u t t e r  - f u l l  c lo su re  ind ica t ed  by AMBER Lamp. 

S e t  SENSITIVITY t o  5. 

S e t  FS OUTPUT t o  1. 

S e t  TIME CONSTANT t o  NORMAL. 

Adjust HV t o  recommended va lue  f o r  ga in  of 200 (see s p e c i f i c a t i o n  
shee t ) .  

REPLACE HV Power Supply Cover. 

Turn AC POWER swi tch  t o  ON. 

NOTE: I n i t i a l  opera t ion  procedures should inc lude  
purging of t h e  a i r  i n t a k e  l i n e s  wi th  high 
l e v e l s  of ozone t o  des t roy  contaminants. 

B . 3  Operat ional  Adjustments/Checks 

Adjust LAMP CURRENT t o  10 mA. 

Set now to 500 mi/min* (see spec sheet  f o r  proper flow- } meter s e t t i n g s )  (See Section c . 3  S e t  TOTAL FLOW t o  600 ml/min. 

f o r  procedure) 
Check dark cu r ren t  - note  value.  

Open s h u t t e r  - f u l l  open ind ica t ed  by RED Lamp. - 
Switch t o  CAL mode - no te  value. 

Switch t o  des i r ed  operating mode. 

S e t  ampl i f ie r  con t ro l s  t o  des i red  range and t i m e  constant.  
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APPENDIX C 

MAINTENANCE, CALIBRATION AND ADJUSTMENT PROCEDURES 

C . 1  Main Chassis Removal 

Remove screws from f r o n t  panel,  (1) 

(2) Open rear door and disconnect f l e x i b l e  hoses a t  C1, C 
(See Fig. 12). 

and C3" 2 

(3) S l i d e  chass i s  ou t  a few inches  and disconnect t h e  s a f e t y  chain. 

( 4 )  Disconnect Hv power supply AC cord and output cable ,  and fan power 
cord. 

(5) S l i d e  chass i s  ou t  u n t i l  s a f e t y  catches on chass i s  s l i d e s  s t o p  move- 
ment. (The weight of t h e  instrument should b e  supported by t h e  
opera tor  e ) 

( 6 )  Depress s a f e t y  ca tches  on s l i d e s  and remove chass i s  from cabine t .  

NOTE: When opera t ing  u n i t  out of cab ine t ,  raise c h a s s i s  
1"-2" o f f  bench f o r  increased component v e n t i l a t i o n .  

(2.2 D i s c  Replacement 

(1) Move s h u t t e r  c o n t r o l  t o  CLOSED pos i t ion .  CLOSED ind ica to r  l i g h t  
must b e  on. 

(2) Open d i s c  access door and lower d i s c  holder by tu rn ing  knob counter- 
clockwise u n t i l  holder s tops.  
p ins  and p u l l  u n i t  forward, Be  c a r e f u l  n o t  t o  drag aga ins t  top 
p l a t e  of u n i t .  

L i f t  ho lder  enough t o  clear loca t ing  

(3) Replace o ld  d i s c  wi th  new one making no te  of elapsed t i m e .  

( 4 )  Place  holder back i n  u n i t  using two l o c a t i n g  p ins  on bottom p l a t e  
t o  c o r r e c t l y  p o s i t i o n  holder. 
pinched behind holder ,  and O-ring is  properly seated.  

B e  s u r e  Neoprene o u t l e t  hose is  not 

(5) Turn knob clockwise u n t i l  holder i s  f i rmly  seated.  It may be  
necessary t o  use p l i e r s  t o  o b t a i n  a good seal. I f  poss ib l e ,  t h e  
system should be checked f o r  l eaks  each t i m e  t h e  d i s c  i s  changed 
t o  avoid erroneous data. 
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C . 3  Flow Rate Adjustment and Check 

The proper flow rates are as follows: 

I n l e t  and exhaust - 100 ml/min 
Di lu t ion  - 500 ml/min 

To ta l  - 600 ml/min 

Adjustment of t h e  a i r  sampling rate is  accomplished with t h e  t o t a l  
a i r  flow and f i n e  d i l u t i o n  valves ( f r o n t  panel  mounted) and t h e  
coarse  d i l u t i o n  valve ( loca ted  j u s t  behind the  f r o n t  panel) .  
(See Fig. 13). 

S e t  t h e  f i n e  d i l u t i o n  valve wide open and t h e  coarse  d i l u t i o n  valve 
a t  approximately mid-range. 

With the  i n t e r n a l  flow con t ro l  va lve ,  a d j u s t  t h e  t o t a l  a i r  flow t o  
600 m l l m i n  (f low meter reading of 41). 

Adjust  t he  d i l u t i o n  flow meter t o  20 wi th  the  coarse  d i l u t i o n  valve. 

Re-adjust t h e  t o t a l  a i r  flow i f  necessary and c a r e f u l l y  set t h e  
d i l u t i o n  flow t o  500 m l  per  min. (see specs) w i th  t h e  f i n e  d i l u t i o n  
valve. 

NOTE: A .  

B. 

C. 

Flow rates a t  t h e  ambient a i r  sampling po r t  and 
t h e  exhaust po r t  should be checked pe r iod ica l ly ,  
e i t h e r  wi th  a mass flow meter device o r  with a 
g l a s s  rotameter capable of measuring 100 ml/min 
w i t h  an accuracy of + 2%. These tests w i l l  de- 
termine a i r  leaks  present  i n  t h e  system and w i l l  
i n s u r e  accura te  a i r  sampling. It is  recommended 
t h a t  where an ex te rna l  flow meter is  available 
t h a t  i t  be used t o  make f i n a l  adjustments t o  t h e  
a i r  flow, 

A c a l i b r a t i o n  curve f o r  t h e  flowmeter i s  shown i n  
Fig.  39, This app l i e s  only t o  t h e  t o t a l  flowmeter 
s i n c e  pressure  drop i n  t h e  system s h i f t s  t h e  
c a l i b r a t i o n  curve f o r  the  d i l u t i o n  flowmeter. 

The pressure  a t  t h e  manifold a f f e c t s  t he  flow rates, 
and t h e r e f o r e  must be maintained a t  a constant  value.  
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c.4 Drying Tower/MaintenAnce 

The two drying towers loca t ed  on the  i n s i d e  of t h e  rear cabinet 
door should b e  inspected p e r i o d i c a l l y  and t h e  material replaced 
o r  regenerated as required.  

The drying columns are f i l l e d  wi th  DRIERITE wi th  approximately 1 
inch of manganese dioxide,  Mn02, i n  t h e  cen te r  o r  at  t h e  o u t l e t  
end of t h e  tower. 

Color change - Ind ica t ing  DRIERITE i s  a d i s t i n c t  b lue  color .  
exhausted i t  t u r n s  t o  a r o s e  red o r  pink. The zone between the  two 
co lo r s  i n  t h e  column may be  a purp le  color.  
r e s t o r e  t h e  b lue  color .  

When 

Regeneration w i l l  

Regeneration - (si) DRIERITE granules  should be  removed from the  column 
and spread evenly, one granule  deep, on a t r a y .  Heat €or  one hour 
a t  about 200°C o r  400°F. The des iccant  should then be  cooled i n  a 
t i g h t  container before  r e f i l l i n g  t h e  a c r y l i c  u n i t ,  F e l t  f i l t e r s  
should a l s o  be pre-dried a t  100°C 
assembly. 
gummy o r  sticky., 

f o r  about 30 minutes before  
(b) Mn02 - may be re-used as long as i t  is  dry and not 

C . 5  UV Lamp Replacement 

Turn AC power OFF. - 
Disconnect lamp from transformer wi th  in - l ine  connector. 
Power must be  OFF before  disconnect ing lamp from transformer.) 

(CAUTION: 

Remove eight  8-32 f l a t  head screws from l e f t  s i d e  of c a l i b r a t i o n  
u n i t  and remove p l a t e .  

Loosen Allen set-screw holding W lamp. 

Note pos i t i on  of t i p  on W lamp wi th  respec t  t o  end w a l l ,  S l i d e  lamp 
out towards rear of u n i t ,  removing s h i e l d  a t  same t i m e .  

I n s t a l l  new lamp wi th  t i p  a t  same pos i t i on  as o ld  lamp, i n s t a l l i n g  
t h e  s h i e l d  as t h e  lamp i s  s l i d  i n t o  pos i t ion .  

Tighten Allen set-screw j u s t  enough t o  hold lamp i n  pos i t i on ,  as 
excess ive  t i gh ten ing  could damage t h e  lamp i n s u l a t o r .  

Opening i n  t h e  s h i e l d  should be i n  p o s i t i o n  f o r  maximum l i g h t  through 
a p e r t u r e  a 

I n s t a l l  l e f t  s i d e  p l a t e  and connect i n - l i ne  power connector. 

(10) Turn on AC power. 

(11) C a l i b r a t e  output aga ins t  known ozone concentration, o r  use standard 
K I  technique. 
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C. 6 T i m e r  -Ad j us tment 

Each timing c a m  is mounted on the main s h a f t  by means of a heavy duty 
f r i c t i o n  u n i t  which allows f o r  easy f i n g e r  adjustment of t h e  timing 
sequence 

The cams may be  set f o r  "on-time" of from 2% t o  98% of t h e  t o t a l  
o v e r a l l  t i m e  cycle.  

The cam opening o r  "on-time" may be ad jus t ed  by loosening t h e  cam 
screw and tu rn ing  t h e  movable cam t o  t h e  requi red  degree of opening 
and then  re - t igh ten ing  t h e  s c r e w .  

See Fig. 40 f o r  i d e n t i f i c a t i o n  of components. 

LINE 

WIRING DIAGRAM ONE OR MORE CAMS 

justable 
Cam 

FIGURE40 . TIMER ADJUSTMENT 
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C, 7 Amplifier Ca l ib ra t ion  

It i s  not necessary t o  remove t h e  ampl i f i e r  from t h e  u n i t  

f o r  t h i s  c a l i b r a t i o n .  

meter t o  t h e  output.  

Simply disconnect t h e  input  and a t t a c h  a vo l t -  

Equipment needed - 10 mV and 10 V source  - Voltmeter - HP-425, o r  equivalent 
- Oscil loscope - Tektronix 547, o r  equiva len t ,  

A l l  adjustments are loca ted  on top of t h e  u n i t  and labeled. 

Turn t h e  u n i t  on and al.low 30 min f o r  ampl i f i e r  t o  s t a b i l i z e ,  
Leave t h e  input  disconnected, Then, t u r n  t h e  s e n s i t i v i t y  t o  10 , 
F.S. output t o  X1 and t i m e  constant t o  NORM, Adjust R l  f o r  zero 
output  e 

Turn t h e  s e n s i t i v i t y  con t ro l  a l t e r n a t e l y  between 10 
whi le  ad jus t ing  R 1  f o r  a minimum change i n  output between switch 
s e t t i n g s  e 

S e t  t h e  s e n s i t i v i t y  c o n t r o l  a t  loe5 and a d j u s t  R2 f o r  zero output. 

-9 

-5 and 10’’ 

With t h e  input  s t i l l  disconnected, connect an osc i l loscope  t o  
t h e  output. 
t h e  output waveform is  symmetrical (note t h e r e  w i l l  be a dc o f f s e t ) .  

S e t  t h e  s e n s i t i v i t y  switch a t  log. Adjust R5 u n t i l  

Apply 10 mV t o  i npu t  and a d j u s t  R3 f o r  zero  output,  

Apply 10 V t o  input  and a d j u s t  R4 f o r  1 V output. 

Repeat 5 and 6 u n t i l  change a t  e i t h e r  s e t t i n g  is  minimal, 

- To remove t h e  ampl i f i e r  from t h e  
u n i t ,  remove t h e  t h r e e  knobs and t h r e e  screws from t h e  
f r o n t  panel. Next disconnect t h e  t h r e e  BNC connectors 
from t h e  top of t h e  ampl i f i e r  and unplug t h e  power cord, 
The back of t h e  ampl i f ie r  can now be r a i s e d  and the u n i t  
pu l led  out over t h e  timing chassis ,  

88 



C. 8 Glass Plumbing Disassembly and Reassembly 

Reference po in t s  f o r  t h e  assembly o r  disassembly procedure are 
shown i n  Fig.  41 .  Usual s a f e t y  precaut ions f o r  handling g l a s s  should b e  
observed during disassembly reassembly. 

(1) DISASSEMBLY : 

f (a )  Loosen f i t t i n g s  a t  m ,  2'  and 9 and remove t h e  t e f l o n  tee 
wi th  t h e  two g la s s  elbows. 

(b) Loosen 1 /4  inch f i t t i n g  a t  (z and s l i d e  quar tz  tube toward 
back of instrument be ing  c a r e f u l  no t  t o  p u t  excessive s t r a i n  
on g l a s s  f i t t i n g s .  

(c)  Loosen f i t t i n g  a t  5 and remove g l a s s  elbow. 

(d) Loosen f i t t i n g s  at 6 and 7 and remove 1 / 4  inch  copper 
,-.. 

tubing sec t ion .  
_- 

(e)  Loosen f i t t i n g  a t  8 and set  screw a t  9 and r o t a t e  g l a s s  
c o i l  upward t o  clear chass i s  and g e n t l y  remove from d e t e c t o r  
ass emb l y  . 

(2) REASSEMBLY: 
c 

Reverse s t e p s  '1 through 5 of disassembly, being c a r e f u l  t o  t i gh ten  
each f i t t i n g  as reassembly progresses .  

C.9 Cal ibra t ion  Range Change 

(1) Turn AC power o f f .  

(2) Disconnect s a f e t y  chain from rear of chass i s  and p u l l  chass i s  
forward u n t i l  c a l i b r a t i o n  u n i t  is  completely exposed. 

(3) Remove e igh t  3-32 f l a t  head screws from r i g h t  s i d e  of c a l i b r a t i o n  
u n i t  and remove p l a t e .  

(4) See Fig,4Z f o r  following s t eps :  

a. To a d j u s t  f o r  lower c a l i b r a t i o n  range, set micrometer 'a t  10,  
loosen t h e  two 4-40 r e t a i n i n g  screws and r o t a t e  ape r tu re  cover 
counter-clockwise u n t i l  minimum ape r tu re  opening i s  obtained,  

b ,  To ad jus t  f o r  higher  c a l i b r a t i o n  range, set micrometer a t  0, 
loosen the  two 4-40 r e t a in ing  screws and r o t a t e  ape r tu re  cover 
clockwise u n t i l  maximum ape r tu re  opening i s  obtained. 

(5) Tighten t h e  ape r tu re  cover r e t a i n i n g  screws and i n s t a l l  s i d e  p l a t e ,  

(6) Cal ib ra t e  output  aga ins t  known ozone concentrat ion,  o r  use s tandard 
K I  technique. 
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4 MICROMETER MICROMETER 

ALUHINUM PEN RAY 

Retaining 
Screws 

ALUHINUM PEN RAY 

Aperture Adjustment Range 

S m a l l :  ,047" to 0 . 5 "  d i a .  

Large: .5" to .984" dia. 

QUARTZ TUBE 

FIGURE 42.  C TION UNIT (side view) 

91, 



c. 10 

! t o  l i g h t ,  
level f o r  t h e  tube ,  I f  exposed, allow 24-48 hours I 
f o r  r e t u r n  t o  normal level. 

This w i l l  i n su re  a normal dark cu r ren t  

(1) Turn o f f  AC power. 

(2) Remove screws from f r o n t  panel and s l i d e  t h e  chass i s  out u n t i l  i t  
s tops .  

(3) Disconnect t h e  HV power supply and s i g n a l  cab les  from t h e  top  of t h e  
PM tube housing a 

r 
I CAUTION - When handling PM tubes,  avoid exposing t h e  tube  

( 4 )  Remove t h r e e  8-32 screws from t h e  PM housing f lange  and l i f t  t h e  
complete housing assembly o f f  t he  de t ec to r  u n i t .  

(5) Remove t h r e e  6-32 screws from the  top of t h e  housing (evenly spread 
on o u t s i d e  r i m )  and remove t h e  ou te r  housing. 

(6) Remove t h e  Mu-metal s h i e l d  from t h e  PM tube and then  unplug t h e  
PM tube,  

(7) I n s t a l l  t he  new tube, revers ing  t h e  above procedure, being ca re fu l  
no t  t o  d is lodge  t h e  metal grounding b ra id  near  the end of t h e  
Mu-metal s h i e l d  nea res t  t h e  cathode at t h e  PM tube. 

NOTE: L ight  l eaks  w i l l  show up as excessive dark cur ren t .  
Care should be  exercised i n  assemblying t h e  housing. 
(a) 
t a p e  t o  seal t h e  j o i n t s  of t h e  housing around t h e  
BNC plug end. 
(b) A n  O-ring i n  t h e  mounting f l ange  of t h e  tube  
provides an adequate l i g h t - t i g h t  seal f o r  t h e  open end 
of t h e  housing. 
( c )  A check should be  made around t h e  PM tube s h u t t e r  
t o  determine t h e  s u s c e p t i b i l i t y  t o  l i g h t  leakage. 

It may be necessary i n  some case t o  use b lack  

92 



APPENDIX D 

PARTS LIST 

A p a r t s  l i s t  f o r  each of t h e  major sub-assemblies is given 

i n  t h i s  appendix. 

drawing number. 

and manufacturers '  p a r t  number. 

explanatory.  In o the r  sub-assemblies, such as t h e  plumbing assembly, 

and ampl i f ie r  u n i t  t h e  s p e c i f i c  p a r t s  are i d e n t i f i e d  i n  the 

r e spec t ive  i l l u s t r a t i o n s .  

The non-standard p a r t s  are ind ica t ed  by an RTI 

A l l  o the r  components are i d e n t i f i e d  by manufacture 

Most of t h e  p a r t s  l i s t e d  are s e l f -  

The high vol tage  power supply (Power Design, Model 2K-10) 

and the  1 2  Vdc supply (Deltron Model (32-2.8) are not  included s i n c e  

they are f u l l y  descr ibed by t h e i r  r e spec t ive  i n s t r u c t i o n  manuals. 
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D. 1 Detector Assembly 

P a r t  No. Descr ip t ion  

001 Housing 

010 PMT Housing 

020 Photomul t ip l ie r  

0 30 High Voltage Power 

040 Quartz Window 
Supply 

(235 in.  diam. x 
1/16 i n ,  t h i ck )  

Jack 0 50 

D.2 Ca l ib ra t ion  Assembly 

P a r t  No. Descr ip t ion  

LOO Housing 

120 w L a p  

130 

140 

1 4 1  
150 

160 

170 

180 

190 

Lamp Power Supply 

Auto-transformer 

Knob 
Milliammeter 

Shut te r  Solenoid 

Iris Diaphragm 

Micrometer Control 

Quartz tube  
(standard normal w a l l  
10.2mm 0.d. x 8'' L)  

'Miuiuf a c t u r e r  Mfg. P a r t  No. 

RT I Dwg. No, 001 

P a c i f i c  Photometric 62 (modified 

EM1 9558C 

length)  

Power Designs Inc. 2K-10 

Thermal American V i t r e o s i l  
Fuzed Quartz Company 

P rec i s ion  S c i e n t i f i c  L i t t l e  Jack  
Go. 

Manufacturer Mfg. P a r t  No. 

RT I Dwg. No. 100 

Pen-Ray 11SC- 1 B  

Pen-Ray SCT-3 

Staco 12 1 

Ray t h e  on 70-4-26 

T r i p l e t  t 430 

Ledex H-1079-032 

Edmund S c i e n t i f i c  681 

S t a r r e t t  440-3RL 

Thermal-American 
Fuzed Quartz Company S p e c t r o s i l  
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D . 3  

P a r t  No a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

De 4 

P a r t  No, 

900 

T 1  

T2 

T 3  

s901 

K l  

K2 

B 1  

PwRl 

Plumbing Assembly 

Descr ip t ion  

Bulkhead Adapter 

Male Elbow 

A l l  Tube T i e  

Valve, f i n e  
metering 

Valve, f i n e  
metering 

Male Connector 

T i e  connector 
t e f l o n  

Reducing Union 

Solenoid Valve 

Flow Meter 

Drying Tower 

Pump 

Timing Control 

Descr ipt ion 

Chassis 

4 minute t i m e r  

6 hour t i m e r  

12  Hour T i m e r  

Mode Switch 

Shut te r  Meter 

Valve Relay 

"On" Lamps 
(Mode Switch) 

+ 12V DC Power 
Supply 

'M&iuf dc fu re r  Mfg. P a r t  No. 

Swagelok 400-A1-4 

Swagelok 400-2-2 

Swagelok 40-3 

Nupro B-4MA 

Nupro B-4M 

Swagelok 

Chemp las t 

400-1-4 

T-T0404-F 

Chemplas t T-S0604-F 

Valcor Engineering 51C70HT34-6A 

Brooks Instrument 135 0-00-BZEAC 
Divis ion 

W.A. Hammond Drierite 2 5/8" 0.1). x 
co * 11 3/8" 

Neptune Products,  Inc. 4K 

Manufacturer 

Bud Radio 

I n d u s t r i a l  T i m e r  
Corp e 

I n d u s t r i a l  T imer  
Corp. 

I n d u s t r i a l  T i m e r  
Corp e 

Switchcraf t  

P o t t e r  & Brumfield 

P o t t e r  & Brumfield 

GE 

D e l  t ron 

Mfg. P a r t  No. 

AC-403 

MC-5 /B12 

CM-lO/AlZ 

CM-10 /A2 4 

37061/H83P/83P 

K A l l D G  

K A l l D G  

330 

c12-2 e 8 
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De5 

P a r t  No e 

500 

R 1  

R2  

R 3  

R 4  

R 5 6 6  

R7  

R 8  

R9  

RlO 
R l 1  

R12 

R 1 3  

R14 

R15  

R 1 6  

R17 & 18 

R19 

R20 & 2 1  

R22  

R 2 3  & 24 

R 2 5  & 26 

R2 7 

R2  8 

R2 9 

R27 

R 2 8  & 29 

R3 0 

R 3 1  

D e s c r i p t i o n  

C h a s s i s  

lOOK P o t e n t i o m e t e r  

5 0 K  

20K 

2K 

[ I N  O E I  2245 LOG AMP] 

1 0 K  P o t e n t i o m e t e r  

1 0 K  

9 m e g  1% C a r b o n  

9 0 0 K  1% Metal F i l m  

lOOK " 

1 K  " 

99K " 

9K 

2 .94K '' " 

1 K  I t  11 

20K " I t  

4020 ohms 'I 

I t  

I t  

I1 

18 

I t  11 

I1  11 

11 tl 

11 I1 

11 

11 

11 

Maritif aeturer 
RT I 

H e  1 ipo  t 

H e l i p o  t 

H e l i p o t  

H e l i p o t  

B o u r n s  

B o u r n 8  

IRC 

IRC 

IRC 

IRC 

IRC 

IRC 

IRC 

IRC 

IRC 

IRC 

h g .  No, 500 

76PR lOOK 

76PR50K 

76PR20K 

7 6PRlK 

3600s 

3007P 

[ T r i m  resistors furnished w i t h  AD 1 8 3 K  a m p l i f i e r s ]  

2K 1% Metal F i l m  

1 K  " 

200K If 

1000 Meg ohm, 

1 0 ~  T r i m p o t  

1 0 K  P o t e n t i o m e t e r  1 0 T  

100 ohms 1% Metal F i l m  

1 rneg " " 

1 5 K  

1 3 K  

I 1  11 

11 11 

I t  11 

I 1  11 11 

11 11 I1 

V i c t o r  een 

B e c k m a n  

B o w  ns 
IRC 

11 

I 1  

I1 

7 6PRlOK 

3600s 
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P a r t  No. 

R32 

C l  

c2  

c3 
S501 

S502 

S 503 

A 1  

A2 & A3 

A4 

M 1  

D. 6 

P a r t  No 

701 

800 

80 1 

80 2 

80 3 

804 

80 5 
806 

401 

301 

200 

Descr ip t ion  

1 K  Potentiometer 

1.0 uf 

1.0 llf 

40 pf 

S e n s i t i v i t y  Switch 

F u l l  Sca le  Output 
Switch 

T i m e  Constant 
Switch 

Opera t iona l  Amp e 

Operational Amp e 

Logarithmic Amp. 

Output meter 

Knobs 

Chassis and Cabinet 

Descr ip t ion  

Chassis 

Cabinet 

Front Panel  

R e a r  Panel 

Rear Door 

Handles 

Chassis S l i d e s  

Fan 

Solenoid Valve Bracket 

Clean-up ‘Tower 
Bracket 

Pump Mounting 
Bracket 

Manufacturer 

Helipo t 

CDE 

S p r  ague 

Sprague 

Centralab 

Centralab 

Centralab 

Analog Devices 

Analog Devices 

O E I  

T r i p l e t  t 

Raytheon 

Manufacturer 

RTI 

Optima 

Optima. 

Optima 

Optima 

Optima 

Chassis-Trak 

Rotron Mf g e Co. 

RT I 

RT I 

RT I 

Mfg. P a r t  No. 

76PRlK 

225P1059R75 

113D-106C701500 

113D-406C7015CO 

P-505/ (3)PS-21 

P-503/ (1) PS-21 

P-503/ (1)PS-21 

311K 

1 8 3 K  

2245A 

1150 

50-4-1G 

Mfp;. P a r t  No. 

Dwg. N o .  700 

E-1719 20H 
P-14 

P-7 

D- 10 

H-14 

C-230-S-18 

Muffin Fan 

Dwg. No, 400 

Dwg. No. 300 

Dwg. N o ,  200 
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D.7  

P a r t  No. 

T R 1  

SlOl 

s102 

S103 

B Z 1  

B l O l  

B102 

D. 8 

P a r t  No. 

s1 
F1 

I n t e r l o c k  C i r c u i t  

Descr ipt ion 

Transformer 
(12,6 VAC) 

F u l l  Open Switch 

F u l l  Closed Switch 

Door Open Switch 

Buzzer 

F u l l  Open Lamp 

F u l l  Closed Lamp 

AC Power 

Descr ipt ion 

Power Switch 

Fuse 

PS1 Power S t r i p  

'Manuf actuter 

Chicago-Stancor 

Robestshaw 

Robert shaw 

Roberts haw 

P o t t e r  61 Brumfield 

Dialco/GE 

Dialco /GE 

Mfg. P a r t  No, 

P8130 

1MD1-1A 

N D l - l A  

lMDl- lA 

12vDc 

182-8430/327 

182-8430/327 

Manufacturer Mfg. P a r t  No. 

Arrow Hart 810 2 4GB 

L i t  t l e f  use  3AG-1OAMP 

CBC Elec t ronics  MO-G-D 
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